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Art. XXXIX.—On the Relative Activity of Radium and 
Thorium, measured by the Gamma-Radiation ; by A. 8. 
EvE. 


Tue recent work of Boltwood* and of Dadourian+ proves 
that about one-half of the radio-thorium in radio-active min- 
erals is abstracted in the chemical processes of preparing the 
commercial salts of thorium. This fact was established inde- 
pendently by the two observers, the one measuring the a-activ- 
ities of the minerals and the salts, the other comparing the 
activities of their respective emanations. Thus they found per 
gram of thorium more radio-thorium in thorianite than in 
thorium nitrate, the ratio being about 2°1 or 2°6 to 1. Bolt- 
wood further states that “the specific activity of thorium with 
its equilibrium quantities of disintegration products is constant.” 

The present paper deals with the following points :— 

I. To determine the ratio of the gamma-activities of radium 
and thorium when both are in radio-active equilibrium. 

II. To ascertain the relative amounts of radio-thorium in thori- 
anite and thoriuin nitrate respectively, by measurement 
of the gamma-radiations. 

The object of the experiment was not to verify the work of 
Boltwood and of Dadourian, but to test the y-radiation method, 
ascertaining if the results obtained by it were in good agree- 
ment both with the a-ray method and with the emanation 
method. Such was found to be the case. 


* This Journal, June, 1906, pp. 409, 415. + Ibid., p. 427. 
Am. Jour. Sci.—Fourts Series, Vout. XXII, No. 132.—Drcemper, 1906. 
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In a previous paper* I have proved that the y-rays from 
radium and from thorium are absorbed at a precisely equal 
rate during their passage through lead, whilst the y-rays from 
uranium are much more readily absorbed. In the same paper, 
the ratio of the y-activities of radium and thorium was also 
stated, but erroneously, inasmuch as thorium nitrate was used 
for the determination, and we now know that the thorium was 
therefore not in radio-active equilibrium. Furthermore, it has 
been shownt that the observable y-radiation from radium in 
equilibrium is due solely to radium C. In the case of thorium 
it is known that the y-rays are due to thorium C. Therefore, 
the y-radiation of thorium C, which is, in due sequence, a dis- 
integration product of radio-thorium, is a measure of the radio- 
thorium present. -We should, therefore, expect the y-radiation 
of a thorium mineral or salt to be proportioned to the amount 
of radio-thorium present. So that the results of y-ray obser- 
vations ought to be in agreement with those made by the a-rays 
or by the emanation method. 

In the experiments the gamma-radiation was measured in 
the usual manner by an electroscope. 

The substances compared were as follows : 

(1) Radium bromide, equivalent to *25"* as compared with the 
sealed standard at the Physics Building, MeGill Uni- 
versity. This standard consists of 3°69" of radium 
bromide, which Rutherford found gave per gram a 
heating effect of 110 gram-calories an hour. 

(2) Thorianite, Ceylon, 454 grams, containing 11 per cent of 
uranium and 79 per cent of ThO,. 

(3) Thorium nitrate, prepared by Eimer and Amend, received 
from them a year ago, which contains 47 per cent of 
ThoO,. . 


The activities of these three substances, measured by their 


(1) 18°5 
(2) 8:34 
(3) 1°38 


These are the means of several observations under varied 
conditions, and are the actual divisions per minute observed 
with the electroscope. 
Specific Activities. 
(1) The activity of the radium bromide, under the conditions 
of the experiment, was 18°5/:25 per mg. or 74,000 per 
eram. 


* Phil. Mag., April, 1906. + This Journal, July, 1906. 
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(2) The specific activity of the thorium in the thorianite 
requires some consideration. Of the 454 grams of 
thorianite employed, 360 grams consist of ThO,, and 
50 grams of uranium. The y-radiation of the uranium 
itself can be ignored, as it could not produce a sufti- 
cient effect through the thickness of lead employed. 
But with the uranium there will be an amount of 
‘radium present in the proportion determined by Ruth- 
erford and Boltwood. Thus the 50 grams of uranium 
are associated with 503-8 x 10-" grams of radium, or 
the equivalent of 3°310-° grams of radium bromide. 
But -25™ of radium bromide had an activity of 18°5 
as measured by the electroscope, and, therefore, the 
radium in the thorianite would produce a deflection of 
18°5/°25 X3°3 KX 10~* or 2°47 divisions a minute. De- 
ducting this from the total activity of the thorianite, 
namely, from 8°34, we have an activity of 5°87 due to 
the thorium and all its products, so that the specitic 
activity is 5°87/360 or 0163. 

(3) An analysis of the thorium nitrate showed that 47 per 
cent of ThO, was present, so that 213 grams of ThO, 
had an activity of 1°38, or a specific activity of -0065, 

The specific activities here given are dependent on the elee- 
troscope used, on the thickness of the lead employed and on 
the distance of the substances from the electroscope. But the 
ratios of the specific activities is independent of the condi- 
tions of the experiments, except for a small correction due to 
the fact that the substances cannot be concentrated at a point. 

The following results are, therefore, deduced :— 

(a) The thorium and its products in the thorianite is more 
active than the thorium and its products in the thorium 
nitrate in the ratio of -0163 to 0065, or of 2°5 to 1. 
This is in very good agreement with Boltwood’s results. 

(b) Radium bromide in radio-active equilibrium is more active 
than an equal mass of ThO, in radio-active equilibrium 
in the ratio of 74,000 to -0163 or of 4:5 10° to L. 


Therefore, radium is 6°9X10° times as active as thorium 
when both are in radio-active equilibrium, when the activity 
is measured by the y-rays. 

In a previous paper the writer suggested that a kilogram of 
commercial thorium nitrate might be a convenient standard 
for y-ray measurement. This suggestion was not a good one, 
because recent work has shown that radio-thorium would be 
continually increasing in such a standard, so that the activity 
would vary ata rate at present unknown. The only feasible 
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plan for providing standards seems to be by comparison with 
a sealed standard of radium bromide of known weight and 
purity. 

Results. 


(1) Radium bromide is 4°5 x 10° times as active as ThO,, or 
radium is 6°9 & 10° times as active as thoriwm, meas- 
ured by the y-rays, when both are in radio-active equili- 
brium. 

(2) The ratio of the quantity of radio-thorium per gram of 
thorium present in thorianite and in thorium nitrate has 
been measured by Boltwood, using the a-ray method ; 
by Dadourian, using the emanation method ; and, subse- 
quently, by the writer, using the y-ray method. The 
results obtained by these different methods are in good 
agreement. 

With much pleasure I acknowledge the helpful advice of 

Professor Rutherford. 

McGill University, Oct. 1906. 
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Art. XL—A Fossil Bird from the Wasatch; by F. B. 


Loomis. 


So far as the writer is aware, no bird has ever been described 
from the Wasatch Lake basin; so that any part of one from 
this lower portion of the Eocene becomes a matter of import- 
ance, especially if the remains are those of a land bird. When 
unpacking the collections of the Amherst College expedition 
of 1904, a number of bones in a better state of preservation 
than the rest were sorted out of a lot collected for Eohippus. 
These proved to be the fragmentary upper end of the femur, 
the upper end of the tibia and fibula, the distal end of the 





Fic. 1. Gallinuloides prentici. Distal end of the tibio-tarsus, front 
aspect ; nat. size; co-type. 

Fic. 2. Gallinuloides prentici. Outline of the left foot, with those pha- 
langes found shaded in ; 14 nat. size ; type. 

Fic. 3. Gallinuloides prentici. Claw of digit 4; articular face and side 
view ; nat. size. 


tibio-tarsus, eight more or less complete phalanges, and four 
claws, all belonging to the left leg of a bird; this bird was 
about half as big again as a turkey and of rather heavier build. 
seside these a second specimen, consisting of the distal end of 
the left tibio-tarsus was found in the same layer about 100 
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yards off. Both came from the basal layers of the Wasatch, 
near the head of Elk Creek, some ten miles west of Otto, 
Wyoming, 

The bones belonged to a gallinaceous bird, having the same 
type of epitendinous bridge near the distal end of the tibio- 
tarsus, the deep groove on the distal end of the phalanges, and 
claws neither so curved as those of a bird of prey nor as blunt 
as those of a wading bird, though they are rather more pointed 
than the claws of the turkey or fowl. However, without other 
portions of the skeleton, exact generic coniparisons are difficult ; 
so until more complete material is found, | would assign the 
fossils to the Bridger genus Gallinuloides, and I propose for 
the Wasatch fossil bird the specific name prenticé, after Mr. E. 
P. Prentice, whose interest was instrumental in making the 
find. 

The accompanying figures show the more characteristic fea- 
tures. The type is No. b4 of the 1904 collection, the better 
bones from which are shown in figures 2 and 3, while figure 1 
is of the second specimen. The tibio-tarsus is a heavy bone 
16"" wide in the middle of the distal end, and 20™™ across the 
front of the articular condyles. The depression on the articu- 
lar end of this bone is shallower than on the tibio-tarsus of the 
turkey. Of the tarso-metatarsus only the external articular 
head is preserved, which head is laterally compressed and the 
articular surface unusually flat. Of the first row of phalanges 
those preserved are almost identical in appearance with those 
of a turkey, although larger and heavier. The proximal pha- 
lanx of the fourth digit is complete and measures 20" long 
by 8™" wide at the proximal end. The distal end has a mod- 
erately deep groove about like that of the fowls. The claws 
are rather narrow and deep, being produced into a sharp point 
and strongly curved so as to suggest perching habits. The 
fourth claw measures 13™" in length (at least 1™™ should be 
added for the tip broken off), 5"" wide and 7™" deep at the 
articular end. The ridge or tongue on the articular face is 
low and rounded. Below this articular surface there is a pro- 
nounced projection for the attachment of tendons, evidence of 
powerful ligaments for controling the use of the claws. 


Amherst, Mass. 
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Art. XLI.—The lodometrie Determination of Basic Alu- 
mina and of Free Acid in Aluminium Sulphate and 
Alums; by Sera E. Moony. 


[Contributions from the Kent Chemical Laboratory of Yale University—cli. ] 


In the exact analysis of aluminium sulphate and commercial 
alums the determination of the total alumina (soluble) and of 
the free acid (the sulphuric acid actually free or present 
in an acid sulphate in excess of that amount needed to form 
neutral salts with the bases found) or of the “ basie alumina” 
(that amount of base reckoned as A1,O,, left over after all sul- 
phurie acid has been combined with the bases found to form 
neutral salts) is of importance. 

This paper is an account of an attempt to apply an iodomet- 
ric process to the determination of the totai alumina and the 
free acid and basic alumina in aluminium sulphate and alum. 

It is well known that sulphuric acid reacts immediately 
with potassium iodide and potassium iodate in mixture, with 
liberation of iodine in definite amount, according to the equa- 
tion, 

3H,SO, + 5KI + KIO, = 3K,SO, + 3H,0 + 61 


The determination of the free iodine by titration with so- 
dium thiosul phate gives a measure of the sulphuric acid entering 
into the reaction. 

It has been shown in previous papers* that various sulphates 
undergo hydrolysis when boiled with water, and that in pres- 
ence of the iodide-iodate mixture iodine is liberated propor- 
tionately to the sulphuric acid thus formed. Aluminium 
sulphate undergoes complete hydrolysis when boiled with the 
iodide-iodate mixture for a sufticient length of time, and, as 
Stock+ has shown, the aluminium hydroxide precipitated in the 
process is especially adapted to filtration and gravimetric deter- 
mination. 

The decomposition of an aluminium sulphate by this hydro. 
lytie process in presence of the iodide-iodate mixture makes 
possible the gravimetric estimation of the total alumina and 
the iodometric estimation of the sulphurie acid formed in the 
hydrolysis. From the results thus obtained it is easy to calen- 
late the basie alumina (the amount of alumina in excess of 
that required to form the neutral sulphate) or the free acid 
(the sulphuric acid, free or in an acidic sulphate, in excess of 
that needed to form the neutral sulphate), as the case may be. 


* This Jour. xx, p. 181, 1905. 
+ Ber. Dtsch. Chem. Ges., xxxiii, i, p. 548, 1900. 
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The commercial aluminium sulphates, including the alums, 
may contain sulphates other than aluminium sulphate, which 
are susceptible to hydrolytic action. Ferrous sulphate, ferric 
sulphate and zine sulphate are common impurities; and 
ammonium sulphate is a constituent of ammonium alum. 
The effect of each of these sulphates in liberating iodine has, 
however, been studied. Potassium sulphate and sodium sul- 
phate, if present, do not set free iodine from the boiling solu- 
tion containing the iodide-iodate mixture. The determination 
of the ferrous iron, the ferric iron, the zine, and the ammonia 
will furnish data from which the equivalent amounts of sul- 
phuric acid, to be taken into account in the reckoning of the 
free acid or basic alumina, may be calculated. The behavior 
of these commercial products toward the iodide-iodate mixture 
should, therefore, afford an easy method of determining basic 
alumina or free acid, as the case may be. 

Following are details of 
treatment, and the results ob- 
tained in applying this method 
of analysis to certain samples 
of commercial alum, kindly 
submitted for the purpose by 
Dr. F. 8S. Havens, whose 
courtesy I desire to acknowl- 
edge. 

Of the finely powdered 
material a portion of 15 grms. 
was weighed and treated with 
water. The solution was fil- 
tered and made up to 1 liter. 
The material which did not dissolve was dried at 100° and 
weighed as insoluble material ; of the solution a portion of 
25° was titrated directly with standard potassium perman- 
ganate to find the amount of iron in the ferrous salt, and 
from this was calculated the ferrous owide. 

Another portion of 25°° was reduced with zine in the 
usual manner and titrated with the permanganate to give the 
total iron. From the difference between the total iron and 
the ferrous iron was reckoned the ferric oxide. 

To determine the zine a portion of 25°™* was diluted to 
50°", treated with 3 grms. of sodium acetate and 1°’ of acetic 
acid, and electrolyzed with the use of the rotating cathode* 
and a current of about 2 amperes for 30 minutes. The 
deposit of zine, including some iron, was washed with alco- 
hol, dried and weighed. The solution of the deposit in 
sulphuric acid was titrated with permanganate, the amount of 





* This Journal, xv, 320. 
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iron thus found deducted from the total weight of the deposit 
to give the amount of zinc. From the zine was calculated 
the zinc owide. 

The next step was to determine the amount of iodine set 
free by the action of the iodide-iodate mixture. Of the alum 
solution a portion of 25°™* was drawn from a burette into the 
Voit flask of the distillation apparatus, a solution (10°™*) con- 
taining 0°3 grm. of potassium iodate and 1 grm. of potassium 
iodide was added, the mixture boiled, and the iodine, collected 
in the receiver charged with water containing 3 grms. of potas- 
sium iodide (and acidified with sulphuric acid in case the 
substance contains ammonia), was titrated with sodium thio- 
sulphate. 

Aluminium sulphate undergoes complete hydrolysis, accord- 
ing to the equation, 

Al,(SO,), + 5KI+ KIO, + 3H,0 
= 2Al(OH), +3K,SO,+61 
Ferric sulphate, like aluminium sulphate, undergoes complete 
ities according to the similar equation, 
Fe,(SO,),+5KI+ KIO, +3H,O 
= 2Fe(OH), +3K,SO, +61 


Ferrous sulphate likewise undergoes complete hydrolysis, but 
the ferrous hydroxide first produced is oxidized at the expense 
of the potassium iodate to form ferric hydroxide. This see- 
ondary reaction, however, affects in no way the amount of 
iodine liberated in consequence of the hydrolysis. 
3FeSO, + 5KI + KIO, +3H,0 = 3Fe(OH), +3K.SO, +61 
éFe(OH), + Ki0, +3H,0 = 6Fe(OH), + KI 


Zine sulphate, on the other hand, does not undergo complete 
hydrolysis* but the insoluble product formed when a solution 
containing zinc sulphate and the iodide-iodate mixture is boiled 
in a one-fifth basic sulphate holding zine and sulphuric anhy- 
dride in proportions indicated by the symbol Zn,(Of),SO,, 
and the reaction may be expressed by the equation, 

15ZnSO, + 2K1+4KI0, + 12H,O 
= 3Zn,(OH),SO, +12K,SO, +241 
Ammonium sulphate is hydrolyzed on boiling with the iodide- 
iodate mixturet according to the equation, 
3(NH,),SO, +5KI+KIO, 
= 3K,S0O,+2NH,+6I 
But, as has been said, to collect and correctly measure the 
iodine, the solution of potassium iodide in the receiver 
must be acidified with a little sulphurie acid. 
* This Journal, xxii, 182, 1906. t Ibid. 
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The iodine set free corresponds to the various oxides, to 
ammonia and to sulphuric acid, therefore, in the following 
proportions: 


Al,O, : 61; 
Fe. O, : 61; 
FeO : oI; 
5ZnO : 81; 
NH, : 
H, SO, : a1; 


The precipitate produced in the hydrolysis contains after 
ignition the total oxides, Al,O,, Fe,O,, ZnO. Practically it is 
more convenient to determine the total oxides in a parallel 
process, carried on in an open beaker, from which the pre- 
cipitate may be easily transferred, rather than to attempt to 
transfer and weigh the precipitate left in the distillation pro- 
cess. 

Given the total codine liberated in the distillation process, 
the weight of the total oxides obtained in the parallel boiling 
process, the ferrous oxide and ferric dxide by the perman- 
ganate titrations and the zinc oxide deduced from the corrected 
electrolytic determination, the total alumina and the basic 
alumina or free acid (as the case may be) are easily calculated. 

Total oxides—(ferric oxide+ferrous oxide+zine oxide) = 
Total alumina. 


6 X 126°97 a . 
died i (7°454) x Total alumina = 
_ ie equivalent to total alumina. 
5x I 
+ (4°767) x ferric oxide = 
iodine liberated by ferric sulphate. 
2X 126°97 
; (3°532) x ferrous oxide = 
iodine liberated by ferrous sulphate. 
2°496) x zine oxide = 
ian 4 ) 496) x zine oxide 
iodine liberated by zine sulphate. 


( 
Or 
"r 


126°97 . 
(7°469) X ammonia = 
iodine liberated by ammonium sulphate. 


Total iodine—(iodine corresponding to total alumina, ferric 
sulphate, ferrous sulphate, zine sulphate, ammonium sulphate) 


= differential iodine. 
98°08 


Differential iodine (if positive) x (5. 7 (0°386) 
- = vd 


= free acid. 
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- 
Differential iodine (if negative. 
SD > 


102°2 é 
x( - (0°134) = basic alumina. 
6x12 6°9 
The results of analyses of four specimens of alums are given 
in the following table: 


TABLE. 
Percentage composition. 
A 1,¢ Ys 
ae — Insoluble 





Total. Combined. Basic. FeO.* ZnO. NHs. material. 


14°48 13°49 0°99 0°43 3°70 none 0°61 
14°28 13°46 0°82 0°44 3°70 none 0°61 


—~ a * 


none 0°21 
none 0°21 


0°43 1°4 
0°45 1°3 


~T 


15°94 14°21 1°7: 
15°90 14°34 1°5 


w 


+ 

Z 

a 

jo} 
Sb 
—— I SS 


4 
+ 


_— 
— 


+ 
° 


15°59 14°81 0°78 0°34 0°73 none 0°71 
15°97 14°80 1°17 0°36 0°82 none 0°71 


no — eb 


S 
_— ee 


16°59 15°24 1°35 0°24 O11 none 0°61 
16°37 15°18 1°19 0°24 0°19 none 0°61 


~_— — 


o— 


The writer wishes to thank Prof. F. A. Gooch for sugges- 
tions of procedure during the investigation. 


* A trace of iron in the ferric state was found present in each sample. 
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Art. XLII.—7Zhe Separation of Arsenic from Copper as 
Ammonium-Magnesium Arseniate ; by F. A. Goocx and M. 
A. PuHetps. 


[Contribution from the Kent Chemical Laboratory of Yale University—clii. ] 


In a previous paper* from this laboratory it has been shown 
that arsenic in the higher condition of oxidation is completely 
removed from solution as the ammonium magnesium arseniate 
by adding the arsenic in solution with stirring to a sufficient 
excess of magnesia mixture kept ammoniacs:; and, further, 
that traces of arsenic, even in presence of ammonium salts— 
which tend to dissolve the ammonium magnesium arseniate 
may be precipitated by the use of a sufficient amount of mag- 
nesia mixture. The fact that ammonium magnesium arseniate 
is insoluble in presence of an abundance of magnesia mixture 
while many salts of copper are soluble in ammonia suggests 
that arsenic existing as an arseniate may be separated from 
copper in ammoniacal solution by magnesia mixture. The 
ammonium magnesium arseniate, as has been shown, may be 
filtered off upon a mat of fine asbestos under pressure, in a 
perforated platinum crucible, and ignited to the condition of 
magnesium pyroarseniate. Obviously, the action of the 
ammoniacal copper solution on cellulose renders it impossible 
to make such an estimation by the use of paper filters. 

For the work given here, solutions of arsenic were made by 
dissolving potassium dihydrogen arseniate in water in definite 
amounts, and standardized by determining the pyroarseniate 
obtained in the manner described in the former paper, referred 
to above. Into an excess of magnesia mixture kept ammo- 
niacal and contained in a platinum dish, a definite amount of 
the standardized potassium dihydrogen arseniate solution was 
added from a burette with stirring. Finally,a few drops of 
ammonia were added to make sure that the solution at the end 
was distinctly ammoniacal, while at the point of precipitation 
the ammonia was never in marked excess. As soon as the 
precipitate subsided it was filtered off on fine asbestos under 
pressure in a perforated platinum crucible ; but the fine pow- 
dery, crystalline precipitate is so fine that the preparation of a 
firm mat of finest asbestos is a necessary precaution against 
loss in filtration. The precipitate remaining on the platinum 
dish was removed with a policeman and rinsed with portions 
of the filtrate into the crucible. “The precipitate gathered in 
this way, after carefully draining by pressure, was rinsed with 
just enough distilled water made faintly ammoniacal to remove 





* This Journal, ix, p. 55. 
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any traces of the magnesia mixture left on the precipitate. 
The residue in the crucible was dried at low temperature over 
a Bunsen flame, and, when the ammonia had been driven off, 
was ignited to the condition of the pyroarseniate, cooled in a 
desiccator, and weighed. 

The magnesia mixture used in all this work was prepared 
according to Blair’s directions.* That is—a solution one hun- 
dred and ten grams of the purest magnesium chloride of com- 
merce containing water of crystallization was made in water and 
filtered. Into this solution was poured a solution of fifty-six 
grams of the commercially pure ammonium chloride in water 
further purified by treating it at boiling temperature with bro- 
mine water and then with ammonia in faint excess, and filter- 
ing. This solution, diluted to about two liters, was made 
ammoniacal by the addition of ten cubic centimeters of strong 
ammonium hydroxide. It was filtered after standing, and 
was filtered again each time as required for the experiments 
given below in the tables. 

The solutions containing copper and arsenic from which the 
arsenic was separated, were made by treating the boiling solu- 
tion of pure copper sulphate required for each experiment 
with ammonium hydroxide in such amount that all the copper 
was kept in solution, then filtering on asbestos in a perforated 
platinum crucible under pressure, pouring inte a platinum dish 
and adding the arseniate. 

In experiments (1) and (2) of Table I the solution of potas- 
sium dihydrogen arseniate was added from a burette to the 
ammoniacal solution of purified copper sulphate with the 
magnesia mixture held in a platinum dish ; and, after stand- 
ing about two hours, the precipitate was filtered off on asbestos 
in a perforated platinum crucible under pressure, rinsed with 
the least amount of distilled water made faintly ammoniacal, 
20-50, dried carefully over a Bunsen flame, ignited after 
the ammonia was removed, cooled, and weighed. The results 
shown by (3), (4), (5), (6), (7), and (8) were obtained in the 
same way as in (1) and (2) excepting that the filtrations were 
made as soon as the precipitates subsided. The first filtrate 
was used to wash all traces of the precipitate into the cruci- 
ble, and the precipitate was washed carefully, but not exces- 
sively, with distilled water made faintly ammoniacal, and then 
dried, ignited, and weighed. The results in (1), (2), and (3) 
show that it is possible ‘to gather with accuracy any traces of 
arsenic present in solution. The presence of a compound of 
copper in precipitates considerable in amount was shown in 
some cases by dissolving the ignited pyroarseniate and getting 
the characteristic blue upon addition of ammonia to the solu- 


* The Chemical Analysis of Iron, Blair, p. 59. 
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TABLE I, 
y2As20;7 Error 
— ~ in terms 
No. CuSO, H,KAsO, MgMx Theory Found Error of arsenic. 
grm. cm*, cem*, grm, grm. grm. grm. 





(1) 2 0-2 25 070015 0°0015 0°0000+ 0:0000+ 
(2) 2 0°2 25 00015 0°0015 0:0000+ 0°:0000+ 
(3) 2 0°2 25 00015 0°0015 0:0000+ 0°0000+ 
(4) 2 1 25. 0°0077 OW086 O0:0009+ 0:0004+ 
(5) 2 5 25 0°03886 0°0415 0°0029+ 070014+ 
(6) 2 10 50 0°0766 0°0798 0°0032+ 0°0015+ 
(7) 2 50 50 0°3830 073922 0°0092+ 0°0044+4 
(8) 2 50 100 0°3830 0°3910 0O°'0080+ 0°0037+ 
(9) 2 50 50 0°3830 0°3957 0°0127+ 0°0061+4 
(10) 2 50 25 0°3830 0°3952 0°0122+ 0°0059+4 
(11) 2 50 50 03830 074120 0°0290+ 0°0140+ 
(12) 2 50 50 0°3830 0°3960 0°0130+ 0°0063+ 


tion. That the copper found here was not hydroxide or basic 
salt precipitated upon dilution from the ammoniacal solution 
is shown by the results of experiments (9) to (12), in which 
the precipitate gathered in the same manner as the previous 
ones was washed with mixtures of strong ammonia and water 
—1:8 in experiments (9), (10), and (12), and 1:5 in experi- 
ment (11). In experiments (11) and (12) the precipitate 
was rinsed by decantation with faintly ammoniacal water, then 
with ammonia and water (1:8) before transferring to the filter. 
The results make it probable that copper is held in combina- 
tion in the residue as an arseniate and not as some other com- 
pound of copper precipitated from the ammoniecal solution by 
the water used in rinsing the precipitate. 

In Table II are recorded results obtained by dissolving and 
reprecipitating the first precipitate. In these experiments a 
solution of potassium dihydrogen arseniate was run from a 
burette into the solution of copper sulphate and magnesia 
mixture in a platinum dish, the precipitate was transferred to 
a weighed crucible, and, after rinsing once with distilled water 
made faintly ammoniacal, was dissolved in hot hydrochloric 
acid, 1:4. For convenience in handling the solutions the filtra- 
tion was made into a beaker inside an evacuated bell-jar rather 
than into the usual filter flask. After cooling and adding 
ammonia nearly to neutrality the solution was poured with 
stirring into an abundance of magnesia mixture kept con- 
stantly ammoniacal. The precipitate obtained in this way was 
gathered on the asbestos felt used for the first filtration, the 
first portion of the filtrate being employed in each case to 
remove the last portions of the ammonium magnesium arseni- 
ate from the platinum dish. After rinsing, all traces of 
reagents from the precipitate with distilled water made faintly 
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ammoniacal, 20-50°™*, it was dried over a low Bunsen flame 
until all ammonia was driven off, and then ignited. The 
weights of the ignited residues obtained after cooling in a 





TABLE II. 

Mg.As.0; Error in 

ates =. terms of 

No. CuSO, H.KAsO, MgMx Theory Found Error arsenic. 

grm. cm’, em*®, grm. grm. grm., grm. 

(1) 2 0°2 25-25 0°0015 0°0012 0°0003— 0°000!1— 
(2) 2 0-2 25-25 0°0015 0°0009 0°0006— 0°0003— 
(3) 2 1 25-25 0°0077 0°0072 0°0005— 0:0002— 
(4) 2 1 25-25 0°0077 0°0079 006002+ 0°0001+ 
(5) 2 5 25-25 0:0386 0:0389 0:0003+ 0°0001+ 
(6) 2 5 25-25 0°0386 0°0383 0°0003— 0°0001— 
(7) 2 10 25-25 0°0766 0°0754 00012— 0°0006— 
(8) 2 10 25-25 0°0766 0°0754 0°0012— 0°0006— 
(9) 2 25 25-25 071931 0°1927 0°0004— 0:0002— 
(10) 2 25 100-100 071931 O0°1919 O°0012— 0°0006— 
(ll) 2 50 850-50 0°3862 0°3867 0°0005+ 0°0002 +- 
(12) 2 50 25-25 0°3862 0°3864 0°0002+ 0°0001+4 
(13) 2 100 §=50-50 9 0°7660 0°7724 0°0064+ 0°0031 + 
(14) 2 100 50-50 0°7660 0°7694 0°00384+ -0°00164 
(15) 2 100 100-50 0°7660 0°7723 0:0063+ 0°0030+ 


desiccator, indicate that the ammonium magnesium arseniate is 
essentially free from copper in combination, except where the 
arsenic is present in amounts as large as three-tentlis of a gram 
or more. For such amounts the second precipitate was dis- 
solved in hydrochloric acid and reprecipitated by pouring into 
magnesia mixture after cooling and making nearly neutral. 
This treatment, as is shown in the results given in Table III, 
gives the arseniate free from copper, in ideal condition as the 
ammonium magnesium arseniate. 

Where the amounts of arsenic were very small it was a 
matter of difficulty to recover the arsenic after solution in 
hydrochloric acid in such volumes as are necessary in every 
vase Where resolution is made—from 100-300°™—although in 
some cases the solution was made distinctly ammoniacal before 
pouring into the magnesia mixture, stirred about five minutes 
to help bring the crystals out of solution and allowed to 


TABLE III. 








Mg, As2O; Error in 

“ terms of 

No. CuSO, H.aKAsO, MgMx Theory Found Error arsenic. 
grm. em*, em’, grm. grm. grm. grm. 


> = * 2 50-— 50-50 0°3830 0°3822 0°0008— 0°0004-- 
2 100 50- 50-50 0°7660 0°7653 0:0007— 0:0003-- 
) 2 100 50- 50-50 0°7660 0°7656 0°0004— 0°0002— 
) 2 100 100-100-100 0°7724 0°7726 0°0002+ £00001 
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stand over night before filtering. In such cases it was found 
that when the solution of arsenic and magnesia mixture with 
ammonia in distinct excess was frozen, by putting the platinum 
dish containing the mixture into a good freezing mixture of 
tine ice and-salt for five minutes, the ammonium magnesium 
arseniate was precipitated out during the freezing and remained 
as a precipitate after the frozen mass was melted. In experi- 
ments (1) to (6) of Table IV the precipitates were obtained in 
this way. In every case the precipitate was filtered off on a 
firm mat of finest asbestos, ignited after careful drying, and 
weighed. In experiment (7), ‘made in blank, no precipitation 
occurred. Experiments (5), (6), and (10) show that it is possi- 
ble to recover satisfactorily the traces of arsenic even in pres- 
ence of ammonium chloride in larger amount than would be 
necessary in the ordinary processes of analysis; and experi- 
ments (8), (9), and (10), show that double precipitation does 
not affect unfavorably the delicacy of the process. 

The work as given above shows that arsenic in the higher 
condition of oxidation may be separated as ammonium mag- 
nesium arseniate from copper in ammoniacal solution. “When 
the amounts of arsenic present are more than a few milli- 
grams two precipitations are necessary. Up to two-tenths of 
a gram of arsenic two precipitations are sufficient. When 
the amount of arsenic exceeds two-tenths of a gram, three 
precipitations are requisite. If the arsenic is present in 
amounts as sinall as five milligrams, or less, when much stirring 








TABLE IV. 

Mg2As,0; Error 
~ in terms 
No. CuSO, HsKAsO, MgMx NH,C! Theory Found Error of arsenic. 

grm. em* em* grm. grm. grm. grm. gram. 
mm . 0°2 25 .. 0°0015 0°0014 O00001— 0°0000+ 
(2) - 0°2 25 .. 0°0015 0°0017 0°0002+ 0°0001 4 
(3) - l 25 .. 0°0077 0°0078 0°0001+ 0°0000+ 
(4) - 1 50 .. 0°0077 0°0076 0°0001— 0°0000+ 
(5) - 0-2 25 10 0°0015 00013 0:0002— 0-0001— 
(6) - 25 10 00077 0:0070 0:0007— 0:0004— 
(7) 2 af a ee ee ee 
(8) 2 O72 25-25 .. 0°0015 0°0015 0° 0000+ 0°0000+ 
(9) 2 O72 25-25 .. 0°0015 0°0015 0°0000+ 0°0000+ 
(10) 2 072 25-25 10 0°0015 0°0012 0°0003— £0°0001— 


is required to bring about crystallization, it is decidedly advan- 
tageous and even necessary in dilute solutions, especially i f 
containing ammonium chloride, | to freeze the mixture. The 
preci ipitate obtained by pouring into magnesia mixture the 
cooled solution of the arseniate in hydrochlori ic acid, in the 
manner described, is the ammonium magnesium arseniate of 
ideal constitution ; and this by ignition after carefully drying 
until all ammonia is driven off yields magnesium pyroars seniate 
corresponding to the amount of arsenic in solution. 
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Arr. XLIUI.— Contributions to the Geology of New Hamp- 
shire: No. II, Petrography of the Belknap Mountains ; 
by L. V. Pirsson and H. S. WaAsninerton. 


[Continued from p. 457. ] 


Gilfordal-camptonose. 


Tue rock mass forming the west lower slope of Locke’s Hill 
has been described in respect to its geologic relations in the 
preceding paper on this region under the field term of diorite. 
While the mass shows some variation in structure and in min- 
eral composition in places and especially so near the southeast 
border, there is a certain type which, because it strongly dom- 
inates and has certain strikingly peculiar features, impresses 
itself as the characteristic one of the area. The description of 
this rock type is as follows: 

Megascopic.—Phaneroerystalline ; medium to coarse grain ; 
dark gray to black; composed chiefly of roughly equidimen- 
sional, anhedral, black hornblendes from 1—2™ in diameter, so 
thickly crowded with short rough tables and anhedral masses 
of dull white feldspar from 2-3"", which they poikilitically 
enclose, that there generally appears almost as much feldspar 
as hornblende; interspaces between the nearly juxtaposing 
hornblendes filled with granular masses of the same feldspars 
and black ferromagnesian minerals of similar size of grain 
2-3". Contact facies similar but of finer grain, the large horn- 
blendes from 3-6"" in diameter ; contains rare specks of pyrite. 
Fabrice subporphyritie and poikilitie granular ; fracture tough. 

Microscopiec.—Hornblende, augite and plagioclase essential ; 
biotite, iron ore, titanite, pyrite, apatite accessory ; chlorite, 
muscovite, epidote and goéthite secondary; scapolite local, 
secondary. 

Augite, short columnar prismoids, 010, 100 and 110, poorly 
developed ; extinction angle greater than 40°; pleochroie ¢ 
and 6 pale rose-red, a pale brownish-yellow; varies in depth 
of color, sometimes nearly colorless with pale greenish tone ; 
contains inclusions of the brown hornblende mentioned below 
in parallel position as original intergrowths. 

Hornblende in irregular masses, anhedral; includes all the 
other minerals, especially feldspar; strongly pleochroic; c 
umber-brown, 6 olive-brown and a_ pale brownish-yellow; 
absorption marked, ¢> b> a; angle of c on ¢ about 18°; double 
refraction c—a about 0°020; it varies into a green variety which 
exists also in independent masses but is not so common and is 
then in small individual grains, c and 6 olive-green and a pale 
brownish-yellow. Cleavage good. 

Am. Jour. Sc1.—FourtH Series, Vou. XXII, No. 132.—DrcemsBer, 1906, 
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Plagioclase in short thick tables and laths: mostly anorthite 
but often zonal with varying mantles of labradorite ;- Carlsbad 
and albite twinning general; altering in spots, mainly in the 
contact facies, into seapolite, which fills the interstices between 
the other minerals. Feldspars embedded ophitically in horn- 
blende, less commonly in biotite and augite. 

Biotite varies locally in amount; in roughly developed 
tables up to 1™; ordinary brown variety and strongly pleo- 
chroic; slight variable openings of axial cross; of uniform 
coloration and not zonal; intergrown with augite and horn- 
blende and may include any of the other minerals; altering in 
places into chlorite and epidote, or into muscovite. 

Iron ore in anhedral to subhedral grains, sometimes inelud- 
ing cores of pyrite; rarely altering into a deep reddish semi- 
transparent substance assumed to be géthite; older than and 
enclosed in the other minerals. 

Titanite in irregular grains, anhedral; sometimes aureoling 
iron ore; sometimes in masses filling angular interspaces 
between automorphic feldspars; sometimes independent in 
form. 

Apatite not especially abundant ; in the usual prismoid erys- 
tals enclosed in other minerals. 

Scapolite oceurs locally distributed and appears to be chiefly 
if not entirely confined to areas near the contact. It forms 
irregular masses filling the interspaces between other constitu- 
ents, and its mode of occurrence and relations to the feldspars 
show clearly that it is of secondary origin and formed at their 
expense. From this it follows that it probably belongs to the 
meionite end of the series. It is easily identified by its very 
definite optical properties. 

Chemical Composition—The chemical composition of this 
rock is shown in No. I of the adjoining tables of analyses. 
For reasons previously stated, it was made upon a specimen 
not far from the border and representing rather more the bor- 
der facies than the main type. As this contains more biotite, 
as shown in the descriptions of the mode, the water is largely 
constitutional, as hydroxyl in the biotite and hornblende, and 
is not to be regarded as a necessary sign of alteration. 

The striking features of this analysis are the low silica and 
alkalies with the high alumina and bivalent oxides. It is clear 
that a magma of this character would form chiefly ferromag- 
nesian minerals and labradorite. Especially notable is the large 
amount of iron. 

For comparison the analyses of three other rocks (Nos. II, 
III and VII) which are composed of similar minerals, and which 
in the prevailing classification would be termed essexites, are 
given. It has features of agreement with them and also differ- 
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ANALYSES OF CAMPTONOSE AND RELATED ROCKS. 








I. Il. III. IV. V. VI. VII. 
SiO,.... 43°94 46°99 43°65 42°73 41°63 732 45°32 
Al 0, 16°17 17°94 11°48 14°50 13°26 "159 18°99 
Fe,O, 3°96 2°56 6°32 4°03 3°19 025 3°78 
FeO __. 10°06 7°56 8°00 7°28 9°92 °140 9°78 
MgO... 5°05 3°22 7°92 5°46 731 =126 4°68 
CaO.... 9°59 7°85 14°00 8°46 8°86 ‘371 9°19 
Na,O... 2°93 6°35 2°28 3°11 249 O47 3°78 
B®... P62 2°62 1°51 2°28 3°32 016 2°13 
H,O110°+1:42 = 0°65 1:00 3°08 ae 0°31 
H,O0110°—0°13 Ex. ¥. ab 0°36 — - 0-09 
CO, .--- 0°09 ae tel os 3°76 5°20 002 putas 
2. ... £12 2°92 1°09 4°30 3°95 "052 1°94 
P.O, --- 0°69 ‘94 trace 63 ? O05 3... 
_ pees Boas eats seat “18 eau — aid 
SS eee State aoang trace wig Gin ee das 
ass «was ence ee none bites Date _— 
i cada — trace pasa — er 
MnO... tr tr tacatss 19 . : ne 
BaO__.. none none ate trace — aa 
Total... 99°67 9960 100716 100°%5 100°75 .-..- 99°98 
a scicieltaied ily Ri "05 

100°60 


I, Gilfordal-camptonose (essexite). West foot of Locke’s Hill, 
Belknap Mts. New Hampshire. H.S. Washington analyst. 

II. Hornblende grano-essexose (essexite). Salem Neck, Mass. 
H. S. Washington ‘analyst (Jour. Geol. vii, p. 57, 1899). 

III. Grano-limburgose. oye Gran, Norway ; (Brégger, 
Quar. Jour. Geol. Soc., vol. 50, p. 19, 1894). L. Schmelck anal, 

IV. Hornblende phyro- noice tty Summit of Mt. Gunstock, 
Belknap Mts. New Hampshire. H. 8S. Washington analyst. 

V. Hornblende ourose (camptonite). Livermore Falls, Camp- 
ton, New Hampshire. G. W. Hawes (this Jour. (3), vol. xvii, 
147, 1879). 

VI. Molecular ratios of No. 1. 

VIL. Hornblende grano-salemose (hornblende gabbro). Salem 
Neck, Mass. H. 8S. Washington (Jour. Geol. vii, p. 63, 1899). 


ences; the rock of No. VII, described by one of us, is most 
nearly like it. Further discussion of this point is deferred until 
the classification is taken up. It is to be noted how closely 

resembles in composition the camptonose dike rocks of this area 
as shown by a comparison with No. IV, and indeed it is essen- 
tially the same type of magma as that which furnishes the rocks 
classified in general as camptonites. This is seen from the 
analysis by Hawes of one from the type locality. Brogger* 


*Basic Eruptive Rocks of Gran, Quar. Jour. Geol. Soc., 1, p. 26, 1894. 
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has already shown the close relationship between the rocks 
classed as camptonites and essexites, showing that the former 
could be derived from the latter by differentiation, and that 
since the volume of the complementary bostonite is relatively 
small, that of the essexite and camptonite are practically alike. 
If indeed in Gran the essexite magmas lad been subjected to 
the same processes of cooling and crystallization, in undiffer- 
entiated condition, as those which produced the camptonites, it 
can scarcely be doubted that they would have produced essen- 
tially similar rocks which would also be termed camptonites. 

Mode.— The mode or actual mineral combination was 
determined by Rosiwal’s method. For the coarse-grained type 
of the main mass a large section measuring 30x40™ of rock 
surface was used and a distance of 200 times the average grain 
was traversed. The border facies was also measured and the 
results obtained are given in the table. 





Vol. per cents. Weight per cents. 

Border. Main. Border. Main. 
ee 1-9 0°6 1°9 06 
THONG 222455 0°3 2°9 0°3 a 
On OTC 3. <5... 5. 4°5 14 7°6 12°5 
6 Ree 4°3 15°8 4°6 16°1 
BOS ccc cewicens: 109 3°3 10°4 3°] 
Hornblende .-_- ---- 27°6 26°3 30°6 27°9 
Plagioclase .....-.-.- 47°1 43°5 41°6 36°6 
Beapolite .......... 89 ees 2°4 eae 
ee 0°6 ae 0°6 ae 
Onlorite......=<< Te pee Re 0°6 aeible 0°6 
WENN cos ee esos 99°9 100°0 100°0 99°6 


Classification in the (Juantitative System.—The calculation 
of the norm of this rock from the analysis and the determina- 
tion of its systematic position are given in the subjoined table. 





Norm. 
r, .. 8°90 Sal 59°0 ‘ 
po "99-01 ——* = 1*5 = Class 3, Salfemane 
An .. 26°69 L “4 
— sai Fr “are> 0°02 = Order 5, Gallare 
--- o q 57° 
Di _.. 13°38 K,O’+Na,0O’ 63 
Ol 10°47 : 7 lad to 0°66, = Rang 3, Camptonase 
Mt --.- 5°80 K,O’ 16 , 
Il 7-90 N: a * z= 0°34, = Subrang 4, Camptonose 
wa lasted 5 in Na, ‘ 
Ap .- 1°68 
Rest 1°64 


Total. _ 99°89 
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In the mode the orthoclase and part of the olivine of the 
norm have united to form biotite, while the hornblende of the 
mode is made up from some of the normative olivine, diopside, 
magnetite and anorthite and probably it contains some or all 
of the nephelite as well. This is only another illustration of 
the complex nature of the hornblende molecule. 

The mode is thus abnormative, containing a notable amount 
of hornblende and some biotite. The fabric, as has been 
shown, is granular and pseudoporphyritic or poikilitic. If 
one wished to characterize all of these features in the name 
it would become biotitie hornblende-grano-phyro-camptonose, 
but more simply it is hornblende-poikilo-camptonose. As, 
however, the fabric and other characters of the rock are so 
peculiar and striking, it has been thought best to erect this 
rock into a distinct type, on which the name of gilfordal 
camptonose is bestowed, the type adjective being derived from 
the village of Gilford near the type locality. 

Classification in the older systems.—In these, if one con- 
siders merely the qualitative statement of the chief minerals 
of the rock, that it is composed mainly of plagioclase and 
hornblende, it would be termed a diorite; if we take into 
account also its basic chemica] character, and the large amount 
of lime, iron and magnesia, it would be considered rather a 
hornblende gabbro; if there is also considered the nature of 
the hornblende, the presence of the pyroxene and biotite and 
the association of the rock with alkalie syenites and with 
camptonites and its close chemical and mineral correspondence 
with the latter, it would fall in Rosenbusch’s family of essex- 
ites. It has, it is true, less alkalies than most of these rocks 
show, but it is also to be noted that under the heading of 
granular rocks, composed chiefly of basic plagioclase and 
brown barkevikitie hornblende, associated with alkalic rock 
complexes, types which differ quite widely among themselves 
in various chemical features have been grouped as essexites. 
This is seen, for example, in the table of analyses in Rosen- 
busch’s Elemente der Gesteinslehre and our analysis agrees in 
each of its features with some of those there given. 


Facies of the grano-camptonose (essexite) mass. 


At the southwest foot of Locke’s Hill the bench, which 
along the western side forms the top of the camptonose area, is 
cut off by a ravine, and at this point, as previously mentioned, 
both it and the pulaskose (syenite) are in contact with the 
gneisses. Above this on the bench are outcrops forming fine 
exposures of the salfemic rocks, and it may be seen here that 
locally the camptonose passes into phases of an even granular 
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dioritic-appearing rock in which the large poikilitic horn- 
blendes are much restricted in amount or even entirely dis- 
appear. There is also consider rable variation in grain. One 
specimen shows a granular rock with black and white minerals 
evenly mixed in very nearly equal amounts, the size of grain 
from 2-4"", The white mineral is feldspar, the black mostly 
hornblende, with some augite and here and there bronzy 
lustered biotites. In other places the rock is the same but of 
much finer grain. Under the microscope the same minerals 
are seen as in the gilfordal camptonose but in more variable 
amounts. Biotite is generally much more abundant; the 
brown hornblende in places yields to a green variety. Other- 
wise the minerals need no especial comment. Their relative 
proportions are variable and in one case the passage into a dis- 
tinctly salic phase was noted, the rock containing an excess 
of feldspar, much of which is alkalic. Det ailed study and 
analysis of the different facies at this place would undoubtedly 
show varieties bordering upon, or in, monzonase (monzonite, 
diorite and perhaps akerite of the older classifications), but 
these facies are of such restricted volume and confined to such 
a limited area, and play so small a role in the general petrog- 
raphy of the region, that it has seemed scarcely of value to 
undertake a complete chemical and petrographic investigation 
of them. They are so involved with what we consider the 
later irruptions of persalic magma described under the head- 
ing of breccia, that from the field exposures nothing more 
definite can be worked out than that they are distinct differ- 
entiation facies of the camptonose as stated above. 


Hampshiral camptonose (camptonite). 


3asaltic dikes of salfemic rocks are rather numerous in the 
area and a number of localities in which they have been found 
are mentioned in our previous paper. They are all composed 
of rocks made up of a brown barkevikitic hornblende and 
plagioclase which fall under camptonose or adjacent subrangs, 
or are camptonites in the older systems. One of these which 
affords the best preserved material oceurs on the southwest 
side of Mt. Belknap, near the top, cutting a steep slope of 
syenite which is well exposed above the hillside pasture fields. 
The dike is about 3 feet wide with a pronounced columnar 
structure and is exposed for about 100 yards. A specimen of 
this was selected as a type for detailed study, measurement 
and analysis. 

Megase opre. —Phanerocry ‘stalline to aphanitic ; very dark 
stone-gray ; thinly sprinkled with minute white dots 0°25- 
1:00" in diameter (calcite fillings); the compact to fine- 
grained mass abundantly filled with slender dark glistening 
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needles 2-3™" long (hornblende); tough, with a somewhat 
hackly fracture ; on exposed surfaces altering to a leather 
brown crust dotted with black hornblende needles. 

Microscopic.—Hornblende and plagioclase essential; iron 
ore and apatite accessory; calcite and chlorite secondary. 
The hornblende is present in two generations; the larger 
average about 1°50" in length by 0°40™" in breadth, the 
smaller about 0°25 by 0°05. There are many gradations 
between them. Except in size they are alike in other respects, 
rather long columnar in development with 110 and 010 well 
developed, good terminals lacking. It is strongly pleochroic ; 

and 6 rich leather-brown, a pale ocher yellow; absorption 
markedc=6>a. Angle of extinctionec onc= 18°. The min- 
eral includes a little iron ore and is very fresh and unaltered 
save in a few spots where it is changed to chlorite. The plagio- 
clase, as the average of several determinations by Michel-Lévy’s 
method shows, is a 1 labradorite of about the composition Ab, An,. 
Its form is that of slender laths whose dimensions are similar to 
those of the small hornblendes mentioned above. Both Carls- 
bad and albite twinning occur. A few sporadic larger crystals 
of the same characters but in size like the larger hornblendes 
were observed. The smaller feldspars are often coated with 
films of an isotropic substance which also fills minute spaces. 
Its nature could not be ascertained, but presumably it is anal- 
cite and its association with calcite leads to the supposition 
that it is secondary. 

The zvon ore is in small grains *05 to °10™ in diameter, 
peppered everywhere through the rock, sometimes agglom- 
erated into larger lumps and often beading the edges ‘of the 
hornblendes. “Apatite occurs in minute needles of the charac- 
ter usual in such rocks. : 

Calcite is found liberally sprinkled through the mass in 
very minute pieces occupying little angular interspaces between 
the feldspars and other minerals; in these cases it does not 
appear as an ordinary alteration product since the oe 
minerals are fresh, but rather as an infiltrated material, if it 
is not indeed an original component. In a few places, all 
ever, it is agglomerated into masses which from their outlines 
and general appearance are evidently pseudomorph of a former 
mineral, apparently augite, a few crystals of which about the 
size of the larger hornblendes were originally present. This 
seems to indicate that probably the calcite is to be regarded 
as secondary. These sporadic augites are the only minerals in 
the rock which have suffered any considerable alteration—the 
others being in good condition. 

Mode.—The quantitative mineral composition as determined 
by the Rosiwal method is as follows : 
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Vols. Weights. 
BOG. -08cceres €9 1°8 
Iron ores ......... ’ 10°8 
Hornblende ° 34°9 
Plagioclase 3° 46°6 
CO cies OO 5°8 


ET 99°9 


The amount of apatite is undoubtedly too low, for, as may 
be seen in the norm, the phosphoric acid demands about 2 per 


ANALYSES OF CAMPTONOSE AND RELATED ROCKS. 

I II III IV V VI VII 
SiO, .- a» <o°%8 41°63 41°94 48°22 , 44°22 ‘713 
Al,O,.. 14°50 13°26 15°36 14°27 "dE 2°73 "142 
Fe,O, .- 4°03 3°19 3°27 2°46 6 5°68 "025 
Feu... 7°28 9°92 9°89 9°00 . . 101 
MgO ..- 5°46 7°31 5°01 6°24 7 "98 "137 
CaO-.-- 8°46 8°86 9°47 8°45 9° ' "151 
Na,O.. 3°11 2°49 5°15 2°90 *¢ “14 "050 
K,O. eS 2°28 3°32 0°19 1°93 “Ti . 023 
H,O 110° + 3°08 1°35 3°29 1°66 . er 
H,O 110° —0°36 0°28 alte 
Te « 896 


2°47 0°15 ; cabs 


52 
TiO, .. 4°30 3°95 4°15 2°79 : 054 


0°93 0°64 “0: "006 


tr. 0°10 
none tr. 
tr. a 0°03 
MnO -. 0°19 ° 0°20 
BaO_.-- tr. 0°04 


100°65 99°80 
O=S8 _. 05 O=CIl,F 0:04 ein lis 





Total_. 100°60 100°75 100°44 99°76 100°29 100°59 


I. Hampshiral-camptonose (carptonite). Mt. Belknap. H. S. 
Washington analyst. 

II. Augite-ourose (diabase). Livermore Falls, Campton, N. H. 
G. W. Hawes analyst. (This Jour. (3), vol. xvii, p. 150, 1879.) 

III. Hampshiral-livermorose (camptonite). Ibidem. 

IV. Hampshiral-camptonose (camptonite). Mt. Ascutney, Ver- 
mont. Daly (Bull. 209 U. G. Geol. Surv. 1903, p. 87). W. F. 
Hillebrand analyst (includes Zro,, 03; F, 05; FeS, °36). 

V. Hampshiral-auvergnose (camptonite). Salem Neck, Mass. 
Washington, (Jour. Geol. vii, p. 285, 1899.) 

VI. Hampshiral-camptonose (camptonite). Kjése Aklungen, 
Norway. Brégger (Erup. Gest. Krist. iii, p. 51, 1899). L. 
Schmelck analyst. 

VII. Molecular ratios of No. I. 
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cent of the mineral to be present ; this is due to the fact that 
the needles of the mineral are excessively minute and cannot 
be measured accurately. In the same way, many tiny flecks 
of calcite also escaped, and this is probably also low. With 
the feldspar is included a small amount of isotropic base pre- 
viously mentioned. All of these errors are small, however, 
and the result shows the rock made up of iron ore, horn- 
blende and plagioclase in about the proportions given. 

Chemical Composition.—This is shown in analysis No. I of 
the above table. In Nos. II-V are given for comparison 
analyses of rocks of similar mineral composition and oceur- 
rence Which are either in camptonose or immediately adjoin- 
ing subrangs. They are all classed as camptonites in the older 
systems. These are from the New England province and 
there is a strong resemblance between them in essential fea- 
tures. In No. III the total alkalies are about the same as in 
the others, but the soda very strongly predominates, throwing 
the rock over into the persodie subrang in the lendofelic order 
(III, 6.3.5), which is as yet unnamed, but for which we pro- 

ose the name of livermorose, from the locality of Livermore 
Pulls. Under the head of rocks which have been classed as 
camptonites in the qualitative systems, it will be found by a 
study of the analyses that types have been classed together 
which show quite wide divergences in chemical composition. 
When one recalls, however, that the type in such systems is 
based mineralogically upon the association of plagioclase with 
a relatively large amount of brown hornblende, this is not to 
be wondered at, for these brown hornblendes present as large 
a range of chemical variation as can usually be found under 
the heading of a single mineral name. 

Classification.—In the quantitative system the norm of the 
rock and its position are as follows: 





Norm 
Or .. 18°34 Sal 55°80 . “ 
Ab _. 20°44 a. = 37-04 = 1% (3), Salfemane 
Ne .. 3°13 L 3°12 n = 
An _. 18°90 F-. = 52°68 = 0059 = (5), Gallare 
; : K’',O'+ Na,O’ 3 
- ey ye er —= ss = 1*1 = (3), Camptonase 
— d é 
Mt... 5°80 <P 
° —_—_—_—_—_——_- = = 9" = amptonose 
Bl .... 832 Na,O’ 50 ’ I 
Ap oa Ee 
Rest... 7°57 


Total, 100°41 
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The mode is abnormative and hornblende is the critical 
mineral. In texture the rock is trachytic though not of a 
typical character; in fabric it is megaporphyritie and hence 
it may be termed a hornblende- trachiphyro- camptonose. In 
the prevailing systems the rock is a typical, fine-grained camp- 
tonite. 

To distinguish this alferphyric type of the camptonose and 
other closely related magmas, characterized largely by the 
abundance of highly automorphic, brown hornblende pheno- 
erysts, and which rocks are called camptonites in the prevail- 
iug systems, we propose the adjective hampshiral, from the 
ume of the state (New Hampshire) in which these rocks are 
common and where the first typical camptonite was found by 
Hawes. The general habit of these rocks may, therefore, be 
described as hampshiroid. 

Variations from the hampshiral type.—Some of the black 
salfemic dikes are precisely similar to the type described 
above, bk: in other cases along with the hornblende there is 
developed a considerable vmount of a pale brown augite of 
large extinction angle, well crystallized and appearing only in 
the phenocryst stage of development. When this appears the 
amennt of plagioclase i is lessen.’ and a good deal of a cloudy, 
faintly Coubly refracting base is present, which may perhaps 
be nephelite. It would seem as if lime had gone more 
largely into the augites and less was left for plagioclase. In 
one case where augite was quite abundant, no feldspar was 
seen. These variations in mineral development may be seen 
in closely contiguous dikes, as at Smith’s Neck, and they are 
not believed to be correlated with any notable change in 
chemical composition. In a few cases there is also a variation 
in texture, the grain becoming so densely fine that under a 
high power the rock is made up of an exceedingly fine mesh 
of minute interlaced needles of hornblende and_ plagioclase. 
In general none of these last rocks have the hampshiroid habit 
with megaphenocrysts of hornblende like those of other well 
known localities. 

West Dike.—One of the most interesting of these varieties 
is found in a dike on the lower west slope of Locke’s Hill. 
The dike:is about 20 feet in width and euts the gilfordal 
camptonose (essexite) near its eastern contact as nearly as 
could be determined. It is in the northern part of the camp- 
tonose area, has an east and west trend, and is composed of a 
much cracked rock cut by many joint planes. 

Megascopic.— Medium dull gray; much whitened and 
leached on the joint surfaces ; occasional black hornblendes as 
phenoerysts 1-3 long and 0:5 broad showing 110 and 
010; thickly dotted with small phenocrysts of feldspar of 


’ 
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stont tabular form 1-3" long, of a pink color and with 
slender needles of hornblende also about 1-3" long, these 
two with distinct fluidal arrangement. Groundmass compact 
and of a medium, somewhat brownish-gray. 

Microscopic.—The study of the section shows that the rock 
is much altered. The groundmass consists of small feld- 
spar granules tending to a short lath-shaped form, and although 
considerably changed it can be seen that both alkalie and 
plagioclase feldspars are present. At first glance the impres- 
sion is that of a rock of syenitic aspect, that the rock is an 
altered monzonose, a gauteite in current phraseology; but 
further inspection reveals the fact that it is everywhere filled 
with minute pseudomorphs of chlorite which, on grounds to be 
presently mentioned, are thought to be pseudomorphs of 
needles and microlites of hornblende. Were these latter pres- 
ent, as they must have been originally, the rock would have a 
distinct lamprophyric aspegt and micro-hampshiroid habit. 
This groundmass is dotted thickly with granules of calcite, 
titanite and occasional ore grains. Scattered in it are infre- 
quent phenocrysts of feldspar, which in spite of being more 
or less filled with sericite shreds, show by the albite twinning 
and extinction angles that they are of plagioclase. 

The most interesting and important features of the rock are 
the hornblende phenocrysts and the process of alteration 
which they have suffered, one hitherto unmatched in our 
experience. The unchanged mineral is a brown basaltic one, 
with strong pleochroism in yellow tones and similar to that 
already described in the gilfordal camptonose (essexite) and 
in the dikes: c and b, dark yellowish brown; a, very pale 
brown almost colorless, a pleochroism like many biotites. 
Absorption strong,c=6>a. Angle of ¢ on e about 9°. 
Cleavage very good. These are the properties of basaltic 
hornblende. What remains of the small microlites in the 
groundmass shows that they are similar. 

These hornblendes are all more or less altered into pseudo- 
morphs consisting of a pale green fibrous, almost isotropic 
chlorite, grains of calcite and of titanite. The chlorite and 
calcite as alteration products of hornblende present nothing 
unusual, but, so far as we know, titanite as a secondary mineral 
in this connection has not been described, and at first thought 
it seems so unlikely an origin for it that the matter deserves 
some consideration. 

Titanite secondary from hornblende. 

The titanite occurs in irregular grains and masses showing 

no good crystal form, intermingled with the chlorite and eal- 


cite in the pseudomorphs. Often it can be seen running into 
the still unaltered hornblende in strips and wedges and 
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developed along cracks. The grains of titanite in such cases 
often have a nearly parallel orientation. Sometimes the out- 
line of the pseudomorph is well defined by grains of titanite 
running along the boundary and more or less contiguous ; the 
interior is mostly chlorite with scattered areas of the titanite. 
The amount of calcite present is usually relatively small and 
very often entirely wanting. The whole mode of occurrence 
of the titanite shows clearly that it is a secondary minerai ; 
that it is quite similar to that of epidote in other cases of horn- 
blende alteration. That the mineral is titanite, however, and 
not epidote is very clear, its refractive index and birefringence 
are far too high, and in sections perpendicular to the acute 
positive bisectrix it shows the characteristic optical figure—the 
small angle of the optic axes with both hyperbolas in the field 
with the : strong dispersion of the optic axes which causes them 
to be bordered red and blue, with red greater than blue. 

It might also be suggested that there was an original inter- 
growth of titanite and hornblende, but this is negatived by the 
fact that the unaltered fragments and crystals of hornblende 
are clear and free from inclusions ; only where it is altered 
does the titanite appear. 

In considering the cause of this manner of alteration, it 
should be remembered that basaltic hornblendes have been 
shown by Schneider* to have a pretty constant composition 
and to contain TiO, in amounts ranging from 4°26 to 5-40 per 
cent in the specimens analyzed by him, averaging about 5 per 
cent. Brédgger,+ in his table of the alkali-iron hornblendes, 
calls attention to the fact that these hornblendes rich in TiO, 
have extinction angles of 0-10° and pleochroism brown to 
light yellow, c> b> a, characters like those of the one under 
consideration. 

It may be considered certain that this hornblende contains 
several per cent of TiO, and that in the breaking up of its 
molecule through processes of alteration this oxide has united 
with the lime and silica to form titanite. Five per cent of 
TiO, would yield over 12 per cent of titanite; the amount 
present appears considerably greater than this, and moreover 
it is not confined to the hornblende pseudomorphs but also 
occurs scattered through the groundmass in the same irregular 
grains. The larger grains of iron ore, when examined with a 
high power, are not solid mineral as is usually the case, but are 
filled with a network of holes, so that they are mere sponges. 
This suggests another source for the TiO,, as that wander- 
ing out from the iron ore cotild have aided in a further 
increase of the titanite already forming from the hornblendes, 


* Zeitschr. fiir Kryst. xviii, 580, 1890. 
+ Grorudit-Tinguait Serie, Vid-Selsk. Skrifter, M-N-K1., 





1894, No. 4, p. 22. 
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which would supply the necessary lime and silica. The basal- 
tic hornblendes contain about 12 per cent of lime, and if this 
were all used in producing titanite it would make 42 per cent 
in weight of the original hornblende. But as some of the 
lime has gone into caleite the amount of the mineral replac- 
ing hornblende is not so large as this, but is between this 
figure and that given above—probably 20-30 per cent and 
varying in different cases. 

The two aualyses of camptonose rocks previously given 
show about 4 per cent of TiO, in the rock, and as this has 
apparently all gone to form titanite, the total amount present 
is about 10 per cent in weight of the rock mass. 

The appearance of the rock, and the white mica in the feld- 
spars would seem to indicate that the alteration was due to 
hydrothermal metamorphism rather than to atmospheric 
weathering. 

The occurrence of titanite as a secondary mineral seems not 
to have received t!e attention that it deserves. Every one is 
familar with its appearance in mantles around titanic ore 
grains in gabbroid rocks, and it is often mentioned in such cir- 
cumstances as of secondary origin, but we are not acquainted 
with any description of its derivation from another mineral 
such as hornblende, though this may of course have been 
‘mentioned in the literature. In this connection it is interest- 
ing to recall the fact that it often appears in chlorite schists, 
amphibole chlorite schists and amphibolites whose chemical 
compositions are similar to those of magmas which yield salfemie 
and dofemic rocks. 

Gunstock GNEISs. 

As stated in the geological portion of this paper, the igneous 
rocks of the Belknap massif are in contact with micaceous 
gneisses along the western boundary. They constitute a dis- 
tinet formation worthy of especial study, but as they are 
heavily covered with drift and exposures are none too frequent 
this would have taken more time than was possible to devote 
to this purpose and would have led us away from the main 
subject of this study. In our work along the western contact, 
however, we came upon these rocks in a number of places and 
specimens from several of them were taken for investigation. 
From two of these, one from the borders of the little ravine 
on the southwest foot of Locke’s Hill and the other in the pas- 
ture fields at the foot of the steep slopes on the west side of 
Mt. Gunstock, sections were cut and studied and the results 
are given beyond. Since the lower valley of the Gunstock 
River is cut in this gneiss, We nay prov isionally, for purposes 
of reference, term it the Gunstock Gneiss. 
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Megascopic.—Color, dark stone-gray ; of very fine grain ; 
strongly foliated ; even texture ; highly micaceous and splitting 
readily along the plane of chief fracture; showing with lens 
an even mixture of white granules and flakes of mica. 

Microscopic.—The minerals seen in the section are quartz, 
orthoclase, biotite, plagioclase, sillimanite, garnet, muscovite, 
apatite, iron ore and zircon in the order of their importance. 
The quartz is in irregular elongated granules, filled in places 
with dusty specks, shows occasional lines of fluidal cavities and 
rarely any evidence of undulatory extinction pointing ‘to dis- 
turbance of the optical system by strain. The orthoclase has a 
similar form and in places is filled with shreds of sericitiec mus- 
covite; generally it is clear and unaltered and shows no twin- 
ning. The biotite is in small brown pleochroic flakes, well 
scattered but tending to lie with the base in the plane of schis- 
tosity, thus promoting the easy fracture. It sometimes contains 
iron ore with pleochroic halos. The plagioclase is similar to 
the orthoclase but distinguished by the albite twinning; it 
appears to be an oligoclase. It may be remarked here that the 
association of the sillimanite suggested the possible presence of 
eordierite, but careful search failed to reveal it by any of the 
usual diagnostic characters which it possesses. The sillimanite 
is in the usual characteristic bundles of needles, and it is not 
everywhere scattered through the rock but appears distinctly 
in layers; although these wedge out in places they soon recur 
again, running along at about the same horizon. The garnet, 
of an ordinary character, is in round grains of relatively con- 
siderable size associated with these sillimanite bands, which 
often curve around it. The apatite and zircon lie scattered in 
the quartz-feldspar layers; they are very small and a signifi- 
cant circumstance is the fact that they show no crystal outlines 
but are rounded ovoid bodies. 

In the specimen taken near the contact at Locke’s Hill the 
appearance of the biotite and the fabric of the rock suggested 
a distinct approach to the characteristic contact hornstone tex- 
ture, but elsewhere this is not noticeable. 

Origin of the Gunstock Gneiss. 

The characters which have been mentioned above clearly 
point to a sedimentary origin for this gneiss. There is no 
sign of shearing or granulation and the minerals show no opti- 
eal strain—it has therefore been recrystallized. The presence 
of the sillimanite-garnet bands points to fine clay layers of a 
somewhat marly nature interspersed among those forming the 
main mass of this very fine-grained arkose. The rounded 
forms of the apatite and zircon grains would point to their 
having been rolled in the fine sand; in the metamorphism 
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which recrystallized the rock they are minerals which would 
naturally be least affected and would retain their former shape. 
Had the rock been a sheared and recrystallized igneous one, we 
should expect them to have shown crystal outlines. The alter- 
nation in layers of different character points in the same direc- 
tion. We think therefore that this gneiss was originally a very 
tine shaly arkose consisting of little-altered granitic debris with 
occasional very thin layers of a more marly clay-like nature. 
Often the chemical analysis of a rock helps greatly to decide 
its original character, but it is evident that the composition of 
a little altered arkose will be practically the same as that of 
the igneous rock from which it may have been*iormed, and in 
this case the solution of the problem, when it is metamor- 
phosed, must be sought in other directions such as we have 
indicated above. 


THE SEQUENCE OF MAGMASs. 


This has been previously alluded to on page 350 of the fore- 
going geological part. Now that the petrologic characters of 
the different types have been described, the reasons for the 
adoption of the succession of magmas there given ean be dis- 
cussed more fully. It depends upon the following facts, which 
have been brought out in these pages. 

a. The pulaskose (syenite) passes into a fine-grained lassen- 
ose (adamellite aplite) marginal facies. 

b. The pulaskose is cut by dikes of liparose (aplite), of camp- 
tonose (camptonite) and of akerose (spessartite). The relative 
ages of these dikes were not determined, as no place was found 
where they cut one another. 

ce. The grano-camptonose (essexite) shows contact facies as 
it approaches the pulaskose (syenite.) 

d. The grano-camptonose (essexite) is cut by dikes of phyro- 
camptonose (camptonite) and of liparase (aplite). 

e. The liparase (aplite) of d contains fragments of the camp- 
tonoses and akerose (essexite and spessartite) and of schists. 

JF. The breccia mass is like e, consisting of a liparase cement 
full of masses of the same rocks as in e. 

From these facts we imagine then the sequence of events to 
have been as follows: First came the intrusion of the great 
body of pulaskose magma into the gneisses and schists. By 
processes of differentiation there formed a persalic or more 
quaric border of lassenose of variable width around this. Then 
followed a period of cooling and solidification. During this 
time extended processes of differentiation had been going on 
deep in the magma chamber, giving rise to products on the 
one hand more salic, on the other more femic. Then came a 
second period of magma upthrusting which forced the femie 
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magmas upward into the mass of pulaskose and into the sur- 
rounding area where they appeared as dikes, except in one 
place on the northwest boundary where the magma formed a 
small stock. In the dikes the texture assumed was dense and 
more or less porphyritic, forming trachiphyro-camptonoses 
and akeroses (camptonites and spessartite), but in the stock the 
crystallization was coarser, producting a granular texture and 
making grano-camptonose (essexite). This assumes that the 
rocks of the dikes and of the stock have a similar composition ; 
that this is so, has already been shown with respect to the 
camptonoses. In regard to the akerose dikes it has been 
shown also that they correspond to one facies of the stock, 
which is somewhat variable in its composition. 

The injection of the camptonose magma evidently was not 
everywhere a simultaneous one, for we find dikes of it in finer 
textured types cutting the camptonose stock, proving that this 
had already cooled and solidified to depths now exposed by 
erosion, when these later upthrusts of this magma took place. 
It is thus quite possible that the dikes of camptonose seen else- 
where are not all exactly of the same age but that their injec- 
tion was successive, some corresponding in age with the intru- 
sion of the stock and some later, like those dikes which eut it. 
On the general principles of differentiation as thus far devel- 
oped, it would also seem probable that the akerose (spessartite) 
dike cutting the summit of Mt. Belknap was one of the earliest 
of this set, since it is less differentiated. 

Following these came the period of the injection of the 
liparase (aplite), the persalic differentiate complementary to 
the camptonose. This has formed dikes in the pulaskose and 
in the camptonose stock. In the latter case it has brought up 
pieces of the camptonose in its various textural modifications 
and of the enveloping schists and gneiss involved within it, and 
in one place it forms an irregular mass, the breccia already 
described. At the time of its injection, cooling in and about 
the stock was becoming more pronounced and the magma was 
quite viscous. This is shown by the shattering and rupturing 
it produced on its upward way along the rock walls, the frag- 
ments thus broken off becoming kneaded through the mass, and 
also by the fact that these fragments were not melted, absorbed 
or changed, even when small and angular in shape. This was 
the final event in the formation of the igneous rocks. 

The sequence thus worked out would be more certain if the 
actual contacts were everywhere visible, but as already stated 
they are in great part covered With drift. It however seems 
to correlate best all the facts seen in the field and det: rmined 
by the laboratory studies. Moreover it has the advantage of 
simplicity in that it requires only three periods of injection 
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with corresponding changes in the composition of the magmas 
beginning with one of medium character, then changing to a 
more femie type and then back to a corresponding more salic 
one, and thus following the general history of differentiation 
observed in other districts. The only objection against this 
view which occurs to us is, that if the aplitic liparase injections 

are the latest phase along the contact between the cam ptonose 
and pulaskose rocks and contain blocks of the former, why do 
they not contain blocks of the latter? The answer to this is 
twofold—tirst, we are not sure that they do not, we did not 
observe them in the exposures studied ; and second, we do not 
feel sure that We could identify them even if they were pres- 
ent, because in the field the liparose and the lassenose of the 
marginal facies both have the same aplitic habit and appear 
very much alike. They differ chemically and somewhat min- 
eralogically as has been described, but in the rock masses these 
differences might not be appreciated and blocks of the one in 
the other would certainly be difficult and perhaps even impos- 
sible to recognize. 

Moreover in this connection it should be pointed out that 
the dikes of liparase which penetrate the pulaskose were 
nowhere observed to contain fragments of the latter although 
of later intrusion into it, and it is in fact uncommon for aplitie 
dikes to contain such masses of the granitic rocks they pene- 
trate, although they sometimes do. The further discussion of 
this point would carry us too far, but enough has been said to 
show that the objection advanced is not necessarily decisive 
against the sequence we have postulated and which we believe 
is best suited to explain the facts observed. 


Tue Apiitic MARGINAL Factrs 


The aplitic, persalic marginal facies of the main massif of 
pulaskose is an interesting feature of the petrology of the area. 
Aplitie border facies of granites are probably not uncommon 
and have been described by a number of observers as listed 
by Rosenbusch.* In these cases, however, this appears to be 
mainly an endomorphie textural modification of the rock mass. 
In the present case it is not only a textural but much more a 
chemical modification, the border being richer in silica than 
the rest of the massif. At first thought it might seem as if 
the syenite had enriched itself in silica by solution of the envel- 
oping rocks in some such way as Dalyt+ has recently suggested 
for occurrences in Canada and elsewhere. A further consid- 
eration of the subject, however, does not seem to favor this 
view. It is true that the border facies contains here and there 

* Mass. Gest., 3d ed., 1895-6, p. 65. 

+ This Journal, xx, 1905, p. 185. 
AM. JOUR. aes SERIES, VoL. XXII, No, 132.—DEcEMBER, 1906, 
— 
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fragments of the enclosing rocks, and that these appear at 
times, when very small, to be more or less absorbed, but yen- 
erally even when minute they retain all their original sharpness 
of outline and angular form though completely metamorphosed. 
Moreover there is no evidence that the enclosing rocks are in 
general more siliceous than the syenite and in some cases they 
are distinctly less so. Where small fragments appear to have 
gone into solution the rock is not more but less siliceous, the 
small spot locally having more the character of a monzonase as 
already described in the inclusions in lassenose above Point 
Belknap. 

Again, it should be considered that if such an action took 
place one would expect it to be general and everywhere present, 
while as previously shown the syenite on the southwest foot of 
Locke’s Hill comes itself directly in contact with the schists. 
The consideration of the chemical character of the two rocks 
furnishes, however, the strongest argument against this view. 
In the syenite the percentages of the alkalies are Na,O = 4°89, 
K,O = 5:90, while in the granite border they are Na,O = 4:06, 
K,O = 2°06. It is clear from this that to reduce the alkalies of 
the former to those of the latter an enormous amount of some 
rock very rich in soda must have gone into solution. It could 
be easily demonstrated what the composition of such a rock 
would have to be by calculating from the two analyses, but this 
is unnecessary as the enclosing schists are clearly not of such a 
composition as could produce this change. 

This explanation of the granite border being untenable, we 
are forced to fall back on causes endogenous to the fluid mass 
itself and to conelude that it is a case of magmatic differentia- 
tion. Cases where a massif of igneous rock has a differentiated 
border facies are becoming more numerous and several have 
been described where the border is more salic than the main 
portion. 


CuEMICAL CHARACTERS OF THE BELKNAP MAGMAS. 


The data for studying the chemical characters of the mag- 
mas which furnished the rocks deseribed in the preceding pages 
are found in the analyses presented in the annexed table. 

Of these II and V have been calculated from the measured 
modes and, while not entitled to quite the weight of the others, 
may yet be regarded as representing fairly well the chemical 
compositions of the rocks in question. 

The chemical range of the rocks is wide, especially as regards 
SiO,, Al,O,, FeO and CaO, with Fe,O,, MgO, K,O, TiO,, 
and P,O, showing less variation, while the amount of Na,O is 
remarkably uniform. In general the variations of the several 
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constituents, referred to the percentage of silica or to the ratios 
of salic to femic minerals, are the usual ones, Fe,O,, FeO, 
MgO, CaO and TiO, increasing with decreasing silica, K,O 
dropping sharply toward the femic end, while Na,O also drops 


but to a mueh less extent. 


Regarded from the point of view of the quantitative classifica- 
tion, the range of classes is from persalane to salfemane ; the 
orders are only two, 4 and 5, the former being found only 
among the persalanes; the rangs represented are three, 1, 2 
and 3, the first being most prominent in the persalanes and the 
last only found in the salfemanes; while there are only two 
subrangs, the sodipotassie and dosodic, the more salie and alka- 
and the more 


lic rocks belonging mostly to the first of these 


femie and more ealcie ones to the second. 


No. I II III IV Vv VI VII VIII Ix 
SiO, .. 75°65 68°16 69°76 60°75 59°91 52°95 43°94 42°73 60°33 
Al,O,- 12°89 15°27 1822 1955 15°82 14°96 16°17 14°50 17°69 
Fe,O,. 0°89 O88 O25 154 293 2°44 3°96 4:03 2°24 
FeO_. 1°11 1°87 159 298 461 7:03 £1006 7:28 83°80 
MgO. 020 1°26 0-40 O81 164 3°86 505 «546 1°28 
CaO .. 048 O'15 268 2°29 i192 6°76 959 846 211 
Na,O. 3°71 4°30 406 489 452 4°95 293 3ll 4°71 
K.O.. 550 706 2°06 5°90 661 1°64 151 2°28 6°26 
H.O+ 015 037 050 0°08 0°43 0°55 142 3°08 0°26 
HO— 008 ... O15 0°24 ... 0°09 0°13 0°36 MS 
CO, _. none none none none none none 0°09 3°76 none 
TiO... 0°05 0°59 0°36 O63 1:39 3:90 413 430 1°01 
P.O,.. --- 009 ... O13 022 O76 069 093 0:18 
es ae ga. shes _— --- 0°05 — 0°18 p36 
_ See — re _— ait coco ‘ tr ge 9. 
i wns eae! aes osin --- O08 — — 
eras <x — — — ise _— siete tr pel 
MnO... tr Bei tr tr — tr tr 0°19 
OS we ee set _.. none none tr me 

100°71 100°09 100°02 99°79 100°00 100°16 99°67 100°65 99°82 
Subrang.- 1.4.1.8 1.4.1.3 1.4.2.4 1.5.2.8 1.5.1.8 11.5.2.4 111.5.3.4 I11.5.3.4 I-I1.5.2.3 


I. Biotitic grano-liparose, (aplite). 
II. Hornblendic grano-liparose, (syenite). 
III. Biotitic grano-lassenose, (adamellite-aplite). 


tain. 


ANALYSES OF THE BELKNAP ROCKS. 








Dike, Mt. Belknap. 
Locke’s Hill. 


Piper Moun- 





IV. Hornblendic grano-pulaskose, (syenite). Mt. Belknap. 
V. Hornblenditic grano-ilmenose, (syenite). Gunstock Peak. ( 
VI. Hornblende akerose, (spessartite), Locke’s Hill. 
VII. Gilfordal camptonose, (essexite). Locke’s Hill. 

VIII. Hampshiral camptonose, (camptonite). Mt. Belknap. 
IX. Hornblendic pulaskose-monzonose, (syenite). Average 


of IV and V. 
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It is to be noted, however, that some of the analyses are of 
rocks the volumes of which are very small relative to that of 
the whole igneous massif. This applies especially to the 
extremes, I and VIII, which are of the complementary dikes, 
whose total volume cannot be more than 5 per cent of the 
whole and is almost certainly considerably less than this. 
Similarly VI is of a rock of minor importance and of negligibly 
smail relative mass. The area of the gilfordal camptonose 
(VII) of Locke’s Hill is considerable, bunt its volume is 
undoubtedly not over another 5 per cent of the whole mass. 
That of the bordering aplitic lassenose facies (III) is undoubt- 
edly considerably greater, though for reasons given previously 
it was impossible to estimate its extent with accuracy. The 
assumption that it forms about one-tenth of the complex will 
probably be not far from the truth. 

As to the main mass of syenite we have seen that its compo- 
sition is somewhat variable, different portions being represented 
by II, IV and V. Of these II is of a marginal facies and 
probably not fully representative of the whole. Analyses IV 
and V may therefore be held to represent the chemical com- 
position of the bulk of the Belknap massif. These resemble 
each other in certain respects, especially in SiO,, CaO, Na,O 
and K,O, but differ in the lower Al,O, and higher Fe,O,, FeO 
and MgO of V, these resemblances and differences being clearly 
expressed by their respective places in the quantitative 
classification. Allowing equal weight to these two analyses, 
although V is calculated from a measured mode, we find that 
the composition of the syenite is that given in IX. The norm 
of this is as follows: 


Sal Fem 
Ree 1°56 Di.... 1°14 ) 
SS 37°25 oo Hy ... 5°97 | 
Ab _... 39g ( 56°97 Mt ... 3°25 $ 12°68 
An .... 8°34 Mm «au. FOS | 
Ap .-- 0°34 J 


The main syenite falls, therefore, in the dosalane class, but 
almost on the border of persalane and well within the limits 
of order 5, rang 2, and subrang 3, so that it is a pulaskose- 
monzonose, (J-IT. 5.2.3). 

We may attempt to estimate the compositic. of the magma 
as a whole, although the data are somewhat unsatisfactory and 
the results necessarily only approximately correct. For this 
purpose we may assume the relative volumes as estimated 
above, giving as much prominence as possible to the less abun- 
dant rocks. We shall thus estimate the volume of the syenite 
at eight-tenths of the whole, that of the border lassenose at 
one-tenth of the whole, that of the gilfordal camptonose at 
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one-twentieth, and that of thecomplementary dikes the same, 
those of liparose and of camptonose being in the proportion of 3 
to 2. The analysis of the akerose (V T) may be neglected. 
Taking then 80 parts of IX, 10 of III, 5 of VII, 3 of I and 
2 of VIII we obtain the following results : 





—agsig eee 60°94 Qz...- 4°50 ) 
Al,O, . . Soe Oe... ee i 
Fe.O,.... 2°13 Ab... 38:95 { 96°67 
=a 3°91 An... 11°12 | 
MgO .... 1°40 Di .... 0-92 )} 
So) 2°65 Hy ... 6°90 | 
Na,O.... 4°52 Mt.... 3°02 . 13°31 
BaPscc.. O68 Beas DT 
1 Ap..-. 0°34 J 
oo «5 OM -——. 

- 99°98 

100-00 


These figures are practically identical with those furnished 
by the main syenite, though SiO, and CaO are a trifle higher 
and K,O a little lower, and the ‘classificatory position of the 
rock is the same, pulaskose- monzonose (I-II. 5.2.3.). That the 
divergence in composition of the average magma from that of 
the main syenite should be small follows from the fact that the 
combined weight of the modifying factors, that is the liparose, 
lassenose and camptonose, is only one-fourth that of the main 
mass. But the very close agreement shows that the several 
constituents in the more salie and the more femie mi: 1gmas bal- 
ance each other to a very great extent, and indicates that they 
are in the nature of complementary differentiates. 

It is to be noted, however, that the main pulaskose-monzo- 
nose is higher in alumina, soda and potash thanany of the 
smaller rock bodies,* while the figures for the other constitu- 
ents lie between the extremes. 

It is perhaps justifiable to infer from this the existence in the 
complex of a differentiate relatively higher in these constituents. 
Such a rock would be composed almost wholly of soda-ortho- 
clase about Or,Ab,, with relatively insignificant amounts of 
quartz, plagioclase and alferric or femic minerals. We may 
possibly look for this in the syenitic cement of the breccia de- 
scribed above, which has not been examined chemicaily, but 
which we have shown to be markedly deficient in plagioclase 
and colored minerals, though the amount of quartz is consider- 
able. 

In conclusion a few words may be devoted to a comparison 
of the Belknap rocks with those of other igneous areas in New 
England and Canada. The best an: logues. are met with in the 
larger and more complex igneous district of Essex County, 


* Except as regards soda in the akerose (VI). 
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Massachusetts, which has been described by one of us.* In 
this rocks of very similar chemical and mineralogical composi- 
tions occur. These include numerous types, of varying modes 
and textures, belonging to subrangs which are found at the 
Belknap Mountains, namely: liparose (granite, aplite, paisan- 
ite, keratophyre), lassenose (rhyolite), pulaskose (pulaskite, 
sdlvsbergite), and camptonose (diabase), with essexose (essexite) 
closely like the phyro-camptonose of Belknap. These rocks of 
Essex County are, it is true, associated with miaskose (foyaite 
and tinguaite) and with umptekose (sdlvsbergite,) but this 
heightens rather than detracts from the analogy, as miaskose 
and umptekose (nephelite-syenite), are found at Red Hill, 
across Lake Winnepesaukee from the Belknap Mountains. 
This last igneous mass will shortly be described by us, so that 
further consideration of this correlation may be deferred. 

Still nearer to the Belknap Mountains are the rocks of 
Ascutney Mountain, which have beeu studied by Daly,t+ whose 
descriptions and analyses make clear the very close similarity 
between the two areas. The resemblance between the two is 
shown even in such details as the poikilitic development of the 
alferric minerals of some of the Ascutney gabbros and diorites, 
in this resembling the hornblendes of the gilfordal camptonose. 
Analogies may also be noted with the rocks of the Monteregian 
Hills, in the Province of Quebee, which have been described 
by Canadian petrographers.t The rocks of these last, however, 
are generally distinctly lower in silica and are more sodic, norm- 
ative or modal nephelite being quite common. 

It would seem that all of these occurrences, with perhaps 
others in Maine, New Hampshire, Vermont, and Massachusetts, 
belong to one petrographic province, or comagmatic region 
as it may be better termed, which may be called the Novang- 
lian, from the many localities in New England. This is not 
the place for a discussion of this region, especially as our 
knowledge of some of the districts is as yet incomplete, but 
some of the chemical features may be brietly pointed out. 
These are the rarity of the dofemanes and perfemanes, the 
prevalence of quardofelic, perfelic, and lendofelie orders, of 
peralkalic and domalkalic rangs (alkalicaleic rangs occurring 
to some extent among the salfemanes), and of sodipotassic and 
dosodie subrangs. As features of minor importance may be 
mentioned the generally small amount of MgO, even in the 
salfemanes, the comparatively high FeO and TiO, (the amount 
of the latter being often very great in the salfemanes), and the 
almost complete absence of BaO. ’ 

New Haven, Conn., and Locust, N. J., June, 1906. 

* Washington, Jour. Geol., vi, 787, 1898; vii, 53, 105, 284, 463, 1899. 

+R. A. Daly, Bull. U. S. Geol. Surv., No. 209, 1903. 

tJ. A. Dresser, Am. Geol., xxviii, 203, 1901; F. D. Adams, Jour. Geol., 
xi, 239, 1903; J. A. Dresser, this Journal, xvii, 347, 1904. 
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Arr. XLIV.—On Yttrocrasite, a New Yttrium-Thorium- 
Uranium Titanate ; by W. E. Hivpven and C. H. Warren. 
y bY 


Tue crystal, from which the material for analysis was selected, 
was found about three years ago in Burnet County, Texas, by 
Mr. John J. Barringer, who gta ye famous gadolinite 
mine just across the Colorado River in Llano County, now 
known as Barringer Hill. The nnel- was found among the 
debris thrown out from a small prospect pit, dug for gadolinite. 
and was the largest of several pieces observed in the loose peg- 
matite material. The locality is east of and nearly opposite 
Barringer Hill and distant from it about three miles. It is sit- 
uated in Burnet County and in a region where coarse granite 
and pegmatite abound. This crystal when first found weighed 
about sixty grams, and was complete except at one end. It 
showed orthorhombic symmetry, but the faces were not smooth 
enough for satisfactory measuring. The type of form closely 
resembled the figure of yttrotantalite, on page 738 of Dana’s 
System of Mineralogy. The three pinacoids, the unit prism, 
and one orthodome were apparent. The basal plane predomi- 
nated. 

The erystal had a thin dull brown coating of amorphous mate- 
rial which was evidently an hydrated alteration product, very 
similar to the yeliowish brown coating observed on the poly- 
erase (?) of North and South Carolina. The fresh underlying 
material is black in appearance, and has a bright pitehy to 
resinous luster, and closely resembles that of polyerase and 
euxenite, and like these has an uneven and small conchoidal 
fracture. Its hardness is between 5:5 and 6. 

Under the microscope fragments of the mineral show, 
through their edges, a rich amber to light yellow color. Ex- 
tremely thin pieces gre almost colorless and transparent. 
In some portions near the surface minute black specks, sug- 
gestive of alteration products, or mechanical inclusions, were 
observed scattered through the material. The mineral when 
examined between crossed nicols is seen to consist of a mixture 
of isotropic and a feebly double refracting material. In sev- 
eral instances a distinctly spherulitic structure was observed with 
high powers, otherwise nothing of a definite nature could be 
made out regarding the optically active portion. The mineral 
is not now, therefore, of a strictly homogeneous structure. This 
fact taken into consideration with its content of water and ear- 
bon dioxide suggests that the mineral is a hydrated alteration of 
an originally anhydrous species. It may be mentioned here 
that a very similar heterogeneous structure has been also 
noticed as characteristic of specimens of polycrase(?) from 
North and South Carolina. 
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Before the blowpipe the mineral is infusible, assumes a 
dark grayish color and cracks open to a slight extent. In the 
closed tube it decrepitates slightly, gives off water and car- 
bon dioxide at a temperature slightly below redness. The 
reactions with fluxes on platinum wire are not decisive. It is 
easily decomposed by hydrofluoric acid, leaving a light green- 
ish residue of earth fluorides. If finely pow dered it is solnble 
with slight effervescence when boiled in strong sulphuric 
acid, and yields a somewhat opalescent, pale yellowish green 
solution. If hydrochoric acid and zine are added to this, 
a violet color is at first obtained, and this gradually changes to 
a blue-gray, and finally to a deep blue. (In this connection we 
would state that the South Carolina polyerase, when finally 
pulverized, makes a perfectly clear green solution when boiled 
with strong sulphuric acid, and leaves no residue.) 

The material analyzed was that portion of the crystal which 
showed under the microscope practically none of the black 
specks above referred to. 

The specific gravity was found to be 4°8043 at 17° Cent., the 
mean of two careful determinations on the chemical balance. 

The results of the chemical analysis (Warren) were as fol- 
lows: 

Oxides. Percent. Mol. wt. Ratio. 

TiO, 49°72 - 8015 = ‘620 ) 
Nb,O, present | 
Ta,O, trace 

wo, 1°87 +332" ‘008 }- 
UO, 0°64 +- 288° 002 
SiO, trace | 
CO, 0°68 > 44° = 015 | 
(YtEr),0, 25°67 + 268° 096 
Ce,O,, ete. 2°92 +3: > 008 | 
Fe.0, 1-44 160° 009 | 
Tho, 8°75 + 268° 033 ) 
UO, 1:98 271° “007 | 
PbO 0°48 222° "002 
MnO 0°13 - 71° ‘001 
CaO 1°83 5 
MgO trace 

H,O 4°36 

“ hydrose. 0°10 


Total 100°57 


The fcllowing points may be noted regarding the method of 
analysis: Water and carbon dioxide were determined directly 
by igniting the mineral in a platinum boat in a hard-glass com- 
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bustion tube reinforced with heavy platinum foil as recom- 
mended by Penfield and catching the products in sulphuric 
and potash bulbs respectively. Several blank determinations 
were run to test the apparatus previous to the actual determina- 
tion. The combined weights of the water and carbon dioxide 
are slightly higher (0°15 per cent) than the loss on ignition of 
the boat and its contents, due probably to the oxidation 
of the UO,. This close agreement indicates that there can 
be little if any helium or nitrogen present in the mineral and 
no evidence of their presence could be obtained. After igni- 
tion the mineral has a light buff color and goes into solution 
more difficultly than the unignited material. 

A qualitative test for ferrous iron, made as recommended by 
Penfield,* proved its entire absence. The oxidation, therefore, 
of potassium permanganate by a cold sulphuric acid solution of 
the mineral was taken as an indication that part at least of the 
uranium present was in the form of the dioxide, and the figure 
given for this oxide in the analysis was obtained by titration 
with permanganate. 

For the main portion of the analysis, the mineral was decom- 
posed with hydrofluoric acid (the J. Lawrence Smith method). 
The greenish white residue of earth fluorides was filtered off, 
converted into sulphate (a little lead sulphate came out at this 
point) and twice precipitated with ammonium hydroxide to sep- 
arate the earths, ete., from the lime. The earths were sepa- 
rated from the iron and uranium by precipitation with oxalic 
acid. Thorium and cerium earths were taken out as described by 
Hillebrand.t The cerium earths were separated from thorium 
by means of sodium thiosulphate and ammonium oxalate pre- 
cipitations.t The earths were all finally precipitated as oxalates, 
before ignition and weighing. Great care was taken to insure 
the complete recovery of earth oxalates from the filtrates. 
Some were almost invariably recovered, which again empha- 
sizes the caution, in this regard, given in the article re- 
ferred to above by Dr. Hillebrand. "The yttrium earth oxides 
were of a light buff color and gave a pink nitrate solution. This 
tested spectro scopically showed the characteristic absorption 
spectra of erbium. The molecular weight was found to be 
268-4 (R,O,). 

The cerium oxides were brown in color and when dissolved in 
hydrochloric acid gave a yellow solution. Tested spectroscopic- 
ally the didymium bands were obtained and a faint band in the 
position of the most characteristic erbium line, indicating a slight 
contamination. The molecular weight, determined as 331-0 
(R,O,), is probably not exact owing to the small total weight 

* Brush and Penfield’s Determinative Mineralogy, p. 87. 


+ This Journal (4), xiii, p. 148, 1902. 
¢ See Metzger, Am. Chem. Jour., xxiv, 901, 1901. 
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of the oxides. Iron was separated from the uranium of this por- 
tion by passing hydrogen sulphide through the warm solution 
when nearly saturated with ammonium carbonate.* 

The filtrate from the original hydrofluoric acid treatment 
was evaporated to fuming with sulphuric acid. After cooling 
and dilution with water, ammonium hydroxide and freshly 
prepared colorless ammonium sulphide were added and the pre- 
cipitated hydroxides were digested on the water-bath. After 
filtration and solution the precipitation and digestion were 
repeated and the tungsten thus extracted was determined 
in the combined filtrates. Tin was tested for, but not found. 
Doubtless a little tungsten remains with the titanium, ete., but 
in the writer’s experience the above method involves smaller 
errors than the one where a sodium-carbonate-sulphur fusion is 
made. After the second digestion with ammonium sulphide 
the precipitated hydroxides were allowed to stand with strong 
sulphurous acid, whereby the dark colored iron sulphide and 
some titanium and uranium passed into solution. The 
hydroxides were again dissolved in hydrofluoric acid, and 
later expelled with sulphuric acid, and the solution barely 
neutralized with ammonium hydroxide, after which an excess 
of ammonium carbonate was added, together with some fresh 
colorless ammonium sulphide. By this means the uranium 
was extracted together with a little titanium. By repeated 
reprecipitations in the presence of ammonium carbonate, the 
uranium was obtained free from all but a trace of iron and 
titanium. A little additional iron was recovered from the 
main precipitate by means of sulphurous acid. The small 
amount of titanium which goes with the iron is easily recov- 
ered by precipitation with sodium acetate in the presence of 
acetic and sulphurons acids. 

The ignited oxides of titanium and niobium when fused 
with acid potassium sulphate and leached out with cold water, 
pass almost completely into solution (all but 0°0021 gr. from 
03139 gr. in the sample treated). Qualitative tests according 
to the procedure recommended by Dr. A. A. Noyest showed 
the presence of enough niobium to give the characteristic 
brown color to the solution after reduction by means of a zine 
column, and to produce immediately an abundant white per- 
cipitate in the solution of mereurie chloride. This test is a 
delicate one and the reaction may be obtained with only a few 
milligrams of niobie acid. This taken in connection with the 
fact that but a small residue remains from the leaching of the 
bisulphate fusion, points to thé presence of only a_ small 

* For suggesting this satisfactory form of the iron-uranium separation we 
are indebted to Dr. B. B. Boltwood of New Haven. 
ae System of Qualitative Analysis, Technology Quarterly, vol. xvii, No. 3, 
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amount of niobium and tantalum. As will be pointed out in 
the accompanying note on the estimation of niobium and tanta- 
lum in the presence of titanium, it is entirely possible for 
several per cent of niobium and tantalum to be present and 
still leave practically no residue when fused with bisulphate 
and leached with water. At present there appears to be no 
way of accurately determining the small amount of niobium 
present. Tantalum was found to be present only as a trace. 

Assuming that the amount of niobium is too small to affect 
the molecular ratio materially, we have on combining the acid 
and basic radicals, as shown in table above, the following 
approximate ratios: 

HO : R"0 : RJ"O, : R™O, : TiO, ete. 
6 : 1 : 3 : 1 : 16 

Where R"O is chiefly lime, R,™O, chiefly yttrium earths, 
RO,’ chiefly thorium. The mineral is therefore essentially a 
hydrous titanate of the yttrium earths and thorium. The 
above ratios may, of course, be no more than a coincidence 
but they are sufficiently sharp to argue in favor of the correct- 
ness of our assumptions. In view of the necessary incomplete- 
ness of the analysis and alsoof the small amount of exact 
knowledge which we possess regarding the true molecular 
relations existing between the so-called “rare-earths” and acid 
radicals, a further discussion here of the constitution of this 
mineral is hardly worth while. In fact it may be remarked 
that before a satisfactory understanding of the entire group 
of the so-called “ titano-niobates”’ can be had, we must have, 
not only better analytical methods but also much clearer ideas 
of the capacity of these elements, and their compounds, to 
form isomorphous mixtures and solid solutions. 

Radio-active properties.—Some fragments of the mineral 
were examined for radio-activity by Professor B. B. Boltwood 
of New Haven, to whom we wish to express our thanks for 
his kindness. The total activity of the mineral was found to 
correspond to 10 per cent of thorium and 2°08 per cent of 
uranium. The amount of uranium found by analysis was 2°29 
per cent and of thoria 8°75 per cent, which are in very satis- 
factory agreement with Dr. Boltwood’s figures. 

The mineral is evidently a new species and the authors would 
suggest the name Yttrocrasite for it. 
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Art. XLV.—WNote on the Estimation of Niobium and Tan- 
talum in the presence of Titanium ; by C. H. Warren. 


Tue obtaining of a strong reaction for niobium in the mineral 
described in the previous paper and the failure to obtain more 
than a fraction of a per cent of niobium by means of the acid 
potassium sulphate fusion and leaching in cold water, naturally 
led to an examination of the methods for estimating these ele- 
ments quantitatively in the presence of each other. 

So far as the writer can ascertain, the most common method 
followed is that involving a fusion with bisulphate of potash 
followed by leaching with cold water, these operations being 
repeated until all the titanium has passed into solution, while the 
niobic and tantalic oxides remain behind. In his System of 
Qualitative Analysis,* page 218, Dr. A. A. Noyes states that 
when treated in this mauner fairly large quantities of niobium 
and tantalum pass into solution with titanium when much of 
the latter is present. With this statement in mind a few exper- 
iments were made to gain some further idea of the magnitude 
of the error involved in the method. 

Pure TiO, was prepared from selected crystals of rutile by 
the usual chemical methods. Nb,O, and Ta,O, were prepared 
from the columbite of Branchville, ‘Conn., after the method 
described by Osborne,t except that the precipitated oxides were 
digested for some time with ammonium sulphide to insure the 
removal of any tungsten or tin which might be present. The 
final products were subjected to the most careful qualitative 
examination and no impurity other than a trace of iron could 
be detected. 

The attempts at separating these oxides, quantitatively, when 
mixed together were very unsatisfactory, and although few in 
number seem to thoroughly confirm Dr. Noyes’ statement. 
Indeed, considerable quantities of niobium may be made to pass 
into solution with the titanium, as the figures given below show. 
In the first three experiments, the fusion and leachings were 

thrice repeated. In each case the fusion was mashed to a pow- 
der under cold water in an agate mortar and allowed to stand 
with from 250 to 300° of water for twenty-four hours. The 
titanium was precipitated from the combined filtrates with 
ammonium hydroxide, filtered, washed free from sulphates 
and ignited to a constant weight. The residues from the first 
two leachings gave a strong reaction for titanium with hydro- 
gen peroxide, and a small amount of titanium always remained 
in the last residue. 

* Technology Quarterly, vol. xvii, No. 3, 1904. 

+ This Journal (3), xxx, 330, 1885. 
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Weight in grams: 


Wet. of 
Of Nb,0O;—Ta.O; oxides 
(about 3:1) taken Of TiO, extracted Excess 
No. 1 °2500 2359 +3046 ‘0687 
No. 2 °2103 2039 *FROD 0541 
No. 3 °3031 “2698 uss" "0185 
No. 4 °0178 (Nb,O, only) *3605 010 niobium 


undissolved 


From No. 4 it would appear that as much as 5 per cent of 
niobium may pass into solution with an excess of titanium and 
thus be practically lost in the course of analysis. Although fur- 
ther study of the most favorable conditions of fusion and solu- 
tion might be of interest in themselves, the method appears to 
offer little chance of being modified s0 as to give more than 
roughly approximate results. 

The method proposed by T. B. Osbornet was next examined. 
This depends on the titration of a solution containing the tita- 
nium and niobium in the lower state of oxidation with potas- 
sium permanganate, thus oxidizing these elements to the 
higher oxides, and the subsequent estimation of titanium colori- 
metrically, while any tantalum, which is not reduced to the 
lower oxide, present in the original sample, is found by dif- 
ference. The method of procedure is briefly this: the mixture 
of the three acids, tantalic, niobie and titanic, is dissolved in 
hydrofluoric acid and the excess of acid expelled on the water 
bath. The fluorides thus obtained are dissolved in concentrated 
hydrochloric acid washed with the same acid into a 100° flash 
(total volume about 50°) and reduced for three-quarters of an 
hour with amalgamated zine and a piece of platinum foil in 
an atmosphere of carbon dioxide at a temperature of 80° C. 
The reduced solution is cooled thoroughly, diluted with freshly 
boiled, cold water to about 350° and titrated with permanganate. 
To this solution ammonia is added in slight excess, the pre- 
cipitate formed, just dissolved in sulphurie acid, and the 
volume made up to exactly 500°. The titanium is then esti- 
mated colorimetrically, with hydrogen peroxide in 50° por- 
tions of this solution. 

For any except small amounts of titanium the colorimetric 
method is open to the serious objection that any error in esti- 
mating the amountof titanium in the aliquot portion (and that 
error can hardly fail to be considerable where a large amount 
of titanium is present) is multiplied by ten in estimating the 
total amount present. Mr. Osborne gives the result of only a 
single application of the method. The figures are as follows: 

* Still gave a strong reaction for titanium. 


+ The Quantitative Estimation of Niobium, this Journal (3), xxx, pp. 328- 
337, 1885. 
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Nb.2O; Ta,0, TiO, 
Taken, 3357 gr. 2246 gr. 0687 gr. 
Found, 3314 gr. 2289 gr. ‘0667 gr. 


The agreement here is quite satisfactory but as the relative 
amount of titanic oxide is small, and as the writer had never 
had any experience with the method, it was decided to make a 
trial of the method before using it in an analysis. In experi- 
ments 1-4 of those given below Mr. Osborne’s directions were 
followed closely. In Nos. 5 and 6 the time of reduction was 
increased and in No. 6 the volume of acid was doubled. One 
other experiment was tried and the temperature raised to 
nearly 100° C.: but as a separation of the metallic acids took 
place this one is not included. The results obtained by reduc- 
tion and titration are as follows : 

Gram Dif- 
Wet. taken in grams KMnO, Grams ferences 

Time of Vol- — ——~ re- KMn0O, in 

No. reduct’n Temp. ume Nb,O, Ta,O,; TiO, quired used grams 
1 hr. 80°C. 50° +2163 +1649 °2453 +1988 *1450 —-0540 
2 ” as se 2084 °1062 °2083 +1783 °1551 —:0232 
‘ 2067 *1090 *0708 +1254 +1138 —-0116 
4 °2283 °1054 °2079 °1899 °1630 —°0269 
5 1 ‘ "1889 1933 +1565 “1317 —°0248 
» i 100°° 2140 2033 °1814 °1620 —°0183 





The large size and irregularity of the resulting errors led the 
writer to abandon further work on the method with the con- 
clusion that it is wholly unsatisfactory as it stands. One source 
of error in the method is possibly the loss of some volatile, me- 
tallic fluoride during the removal of the hydrofluoric acid on the 
water bath. The addition of sulphuric acid with the hydro- 
ehlorie in order to prevent such volatilization is inadvisable, 
since, as Mr. Osborne states, the reduction of the niobium is 
then far from constant, and it may be added, the tendency of 
the metallic acids to precipitate during reduction would be 
greater. 

There appears to be, so far as the writer can discover, no 
method by which more than a rough approximation toward a 
quantitative separation of these elements can be effected notwith- 
standing the numerous analyses purporting to have accomplished 
a separation of sufficient accuracy to warrant considerable 
speculation as to the chemical constitution of the group of min- 
erals containing these elements. The problem of their separa- 
tion is an extremely interesting one mineralogically as well as 
chemically, since the constitution of so many highly inter- 
esting minerals depend on its successful solution. The increas- 
ing use of tantalum in lamps and perhaps in other ways, and 
its common occurrence with niobium and titanium make a sat- 
isfactory quantitative separation of these elements highly desir- 
able, and it is to be hoped that it may soon be realized. 

Laboratory of Mineralogy, 

Massachusetts Institute of Technology, Boston, Mass. 
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Arr. XLVI1.—Ceanothus Americanus L. and ovatus Desf. ; 
a morphological and anatomical study; by Turo. Hom. 
(With five figures in the text, drawn from nature by the 
author.) 


Ceanothus Americanus L. is very frequent in the vicinity of 
Washington, D. C., and occurs in dry copses or in open fields ; 
the other species C. ovatus Desf. is contined to the Potomac 
shore, where it inhabits the rocks at “ Little Falls” associated 
with Baptisia australis R. Br., Physostegia Virginiana 
Benth., Lythrum alatum Pursh, Scirpus lineatus Michx., ete. 
They both are widely distributed through the Eastern and 

Yentral States extending northward to Canada, while nearly 
all of the other species of the genus are. Californian. 

The Rhamnacee, to which our genus belongs, comprises 
thirty-seven genera in accordance with Bentham and H. oker ; 
the diagram of the flower has been described by Eichler,* and 
the general types of the inflorescence have been briefly men- 
tioned by the same author (I. ¢.). 

A few species of Rhamnus have been studied at the seed- 
ling-stage by Irmisch,t and of Colletia by Lubbock.t yeo- 
rhize were detected in Ceanothus Americanus by W. J. Beal§ 
and the fungus identified by Geo. F. Atkinson as Frankia 
Ceanothi. 

The internal structure seems to be better known and a very 
instructive discussion of the anatomical features of a number 
of genera and species is to be found in Solereder’s work: Sys- 
tematische Anatomie der Dicotyledonen.% 

However, among the Rhamnacee thus treated, Ceanothus 
has been merely briefly touched upon, and since the writer has 
had the opportunity of studying the two species that oceur in 
the district of Columbia, the following notes may be presented 
as a small contribution to the knowledge of the genus. 

The germination.—As stated above, Irmisch has described 
the seedlings of Rhamnus cathartica and Rh. Frangula (\.c.), 
and he calls attention to the fact that the cotyledons of the 
former are epigeic, but of the latter hypogeic. In PA. 
cathartica the cotyledons are green, larger than the succeed- 
ing leaves during the first season, and borne upon a distinct 
hypocotyl. The leaves succeeding the cotyledons are arranged 

*Bliithendiagramme. Pars 2, 1878, p. 371. 

+ Flora, 1855, p. 625. 

YA contribution to our knowledge of seedlings. London, 1892, vol. i, 
p. 344. 

§ Botan. Gazette, vol. xv, p. 232. 


| Bull. Torrey Bot. Club, vol. xix, 1892, p. 171. 
“| Stuttgart, 1899, p. 247. 
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Ceanothus Americanus L. 


Fic. 1. Seedling, natural size. R= the primary root with mycorhize (M) ; 
H= Hypocotyl; Ep. = Epicotyl; L—L =the two opposite leaves; L* and 
L‘ = the succeeding, spirally arranged leaves. 

Fie. 2. A cotyledon, magnifica. 

Fie. 3. A young plant in the second year, natural size. St. = tue dead 
stem of previous year ; the other letters as above. 

Fig. 4. A plant in the third year, natural size. Letters as above. 

Fic. 5. Transverse section of petiole of mature leaf; Ep. = Epidermis; 
Coll. = Collenchyma ; M=a mucilage-cell, x 240. 
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spirally, and the first ones are often merely scale-like and 
rudimentary ; buds were observed in the axils of the cotyle- 
dons. In Ph. Frangula, on the other hand, the cotyledons 
remain enclosed by the seed, and the hypocotyl! is very short, 
but otherwise the development of leaves and buds is the same 
as in the former species. In RA. davuricus and Colletia 
cornuta, described by Lubbock (lI. ¢.), the cotyledons are 
epigeic. 

The seedling of Ceanothus Americanus agrees with that of 

vthamnus cathariica so far as concerns the epigeic, cotyledons 
with buds and the presence of a distinet hypocotyl. Our 
figure 1 shows a seedling where the cotyledons (Cot.) are 
borne upon an erect hypocotyl (IH); the epicotyl, the first 
internode (Ep.), is quite long, and the first two leaves, succeed- 
ing the cotyledons, show the same outline and venation as the 
typical leaf of this species, but are opposite (L and L), in con- 
trast to the others, which are spirally arranged (L*‘—L’‘). 
Buds, though very minute, are developed in the axils of all 
the leaves including the cotyledons. The primary root (R) is 
long and slender with some of the lateral branches transformed 
into mycorhize (M), represented by small globular tubercles, 
Characteristic of the seedling is thus the presence of cotyle- 
donary buds, the position of the first leaves (L) being opposite 
and, finally, the early appearance of the mycorhizz. 

The ramification of the shoot.— During the first season the 
seedling does not develop any further than the specimen, 
which we have figured, but the cotyledons fail off in the 
month of June, and at the end of the season the hypocotyl 
and sometimes, also, the epicotyl are the only parts remaining 
above ground, the other internodes having faded away entirely; 
at the same time the hypocotyl has bent itself downwards to 
the ground, though without any development of secondary 
roots. When the plant is one year old, we notice two oppo- 
site leaf-bearing shoots (fig. 3) either developed from the axils 
of the cotyledons or of the opposite leaves, succeeding these, 
while the main stem (St.) has died off, but remains as a blackish 
branch. It seems to be the most frequent case that the rami- 
fication of the shoot takes place by means of the cotyledonary 
buds, but as stated above, when these do not develop, the buds 
of the opposite leaves produce the branches. The hypocotyl 
is now horizontal (H) and the primary root has increased in 
length and thickness, besides that the mycorhize are much 
larger (M). 

While examining a number of young plants at this stage, 
we noticed a peculiarity, which seems to be constant in our 
species. This peculiarity consists in the fact that the greater 

Am. Jour. Sct.—Fourts Series, Vou. XXII, No. 132.—DrcempBer, 1906. 
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portion of the primary root has become compressed, and very 
prominently so at the base. By examining the internal strue- 
ture we readily noticed that a very irregular growth had taken 
place. The rays of hadrome had’ increased in thickness much 
more on the one side of the root than on the other, thus the 
vessels showed the arrangement somewhat siniilar to a fan. 
A similar case has been reported by Wigand,* who observed 
that while the primary root in Ononis repens and spinosa 
shows a normal and concentric growth during the first year (at 
the seedling stage), it exhibits a very conspicuous, excentiic 
increase in the succeeding year. This is due to the one-sided 
enlargement of the hmemies besides that the medullary rays 
have not only been prolonged, but also very considers ably 
broadened towards the periphery in exactly the same way as 
in our Ceanothus. The so-called “ Bretterwurzel” described 
by Haberlandt+ shows the same structure, but this root-type 
has a special function which cannot be attributed to the roots 
of either Ononis or Ceanothus, since these are completely 
underground. It is an anomaly, which seems to be rare 
among shrubs and herbs, and we are unable to offer any expla- 
nation as to its cause; we can’ only state that all the specimens 
examined of C. Americanus and ovatus showed this root- 
structure when more than a year old, and that it seems very 
improbable that it might be due to the nature of the soil, 
since the one of these species (C. Americanus) grows in clay- 
ish or somewhat sandy soil, while the other seems to thrive 
only among rocks with the roots tightly pressed in the narrow 
fissures. It would be interesting to know whether the numer- 
ous Californian species behave in the same manner. 

If we examine a plant in the third season (fig. 4), we notice 
the same principal structure as shown in our figure 3. The 
hypocotyl (H) is still very distinet, and the scars from the 
cotyledons (Cot.) are plainly visible with two stem-bases from 
the preceding year (St.), while there is no trace of the primary 
stem above the cotyledons. Young lateral shoots develop now 
from the basal leaves of the stems of the previous year; they 
are yet purely vegetative and die off to near the ba: 2 during 
the fall. In regard to the root, this has increased very con- 
siderably in length and thickness; the irregular structure is 
very pronounced, and the mycorhizz are quite large, but do 
not yet show any signs of -ramifying. 

When the plant has reached the age of about five years it 
commences to flower; the ramification, however, is exactly the 
same as described above, and thé flowers develop exclusively 
upon shoots of the same season. One point deserves men- 

*Einige Beispiele anomaler Bildung des Holzkérpers. (Flora, 1856, p. 


674.) 
+ Eine botanische Tropenreise. Leipzig, 1893, p. 104. 
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tion, and that is the purely vegetative nature of the terminal 
bud in C. Americanus in contrast to C. ovaius, where the 
branches are terminated by an inflorescence. In C. Americanus 
it seems to be a constant character that the inflorescences are 
lateral ; the terminal vegetative bud does not, however, seem 
to be of any importance to the plant, since the shoots die off 
to near the ground as observed in the younger specimens. In 
C. ovatus we observed no case where the apical inflorescence 
was not terminal, but it was frequently noticed, however, that 
the branches bore lateral inflorescences below the terminal; thus 
two or three inflorescences may be developed on the same 
shoot. We regret to say that the herbarium material which 
we have examined of the other species was not sufficient to 
demonstrate whether the apical vegetative or apical floral bud 
is the ene that is most characteristic of the genus. Besides 
the lateral floral branches in C. Americanus, we noticed also 
that lateral vegetative shoots may be developed below these ; 
in many eases the first two leaves of these vegetative shoots 
were observed to be opposite, similar to those of the seedling. 

In regard to the inflorescence, the flowers are arranged in 
small helicoid cymes, destitute of fore-leaves. 

If we compare now the seedling of C. ovatus with that of 
C. Americanus, described above, we find the same structure, 
the epigeic cotyledons, the distinct hypocotyl and the two 
opposite leaves preceding the spirally arranged. The primary 
root shows the same development, but we were unable to detect 
the mycorhize; these were evidently broken off since the 
roots were more or less damaged by being dug out of the 
stony soil. The growth of the shoots in mature specimens is 
identical with that of the former species with the exception of 
the inflorescence being terminal. 


The internal structure of the vegetative organs of Ceanothus 
Americanus. 

The root.—During the first season the root has already com- 
menced to increase in thickness, but the epidermis is still pre- 
served, and bears numerous hairs . No exodermis is differen- 
tiated, and the cortical parenchyma consists only of five 
compact strata. The endodermis is thin-walled and surrounds 
a pericambium and several groups of leptome separated from 
the hadromatice rays by layers of cambium, No hyphe and 
no mucilage-cells were observed. In the second year the root 
has become somewhat compressed near the base ; epidermis 
has been thrown off, and a secondary cortex of about six com- 
pact layers has been developed. The central cylinder shows 
the irregular increase in thickness as described above, due to 
the one-sided growth of the hadromatic rays. Near the apex 
of the same root the structure is normal with the various ele- 
ments arranged strictly concentric. The mycorhizee appear as 
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swellings on the lateral roots; they are unbranched and are 
much thicker than the normal ones. Their epidermis is simply 
papillose, and there is no exodermis. The cortex consists of 
five peripheral strata of normal structure, and of six internal, 
the cells of which are very large, stretched radially and filled 
with the fungus. The endodermis is like that of the main 
root and free from fungus. A pericambium surrounds five 
groups of leptome and a central, confluent mass of hadrome. 

The primary root persists and represents a long, woody 
taproot in old specimens, reaching a thickness of about 1™ or 
even a little more; such old roots are generally of a reddisli 
brown color due to the cell-contents of the peripheral strata of 
the cortex. Another peculiarity possessed by the mature 
root is the presence of sclerotic cells, which occur in groups 
in the secondary cortex. Otherwise the mature root shows the 
same structure as observed in younger specimens, with a very 
pronounced, excentrie growth of the hadrome and the medul- 
lary rays. 

The leaves.—The cotyledons (fig. 2) have stomata on both 
faces of the blade ; these are surrounded by several cells, from 
four to seven, none of which are parallel with the stoma. 
The stomata are most numerous on the dorsal face of the 
blade. The chlorenchyma is differentiated into a typical pali- 
sade-tissue and an open pneumatic tissue of roundish or oblong, 
loosely connected cells. An almost colorless parenchyma- 
sheath surrounds the very thin mestome-strands, which have 
no support of stereomatice or collenchymatic tissues. 

The petioles of the cotyledons have no chlorenchyma, but a 
large tissue of colorless cells which surrounds two separate, 
broad mestome-strands. The cuticle is wrinkled and epidermis 
quite thick-walled. A layer of collenchyma separates epidermis 
from the colorless tissue, in which a few, two to three, muci- 
lage-cells are located. 

In a mature leaf from a flower-bearing shoot we meet with 
the same bifacial structure as observed in the cotyledons, but 
the stomata are here confined to the dorsal face. The cuticle 
is quite thick and prominently wrinkled; the outer cell-wall 
of epidermis is moderately thickened where it covers the veins, 
and hairs are quite numerous. Thev are of two kinds: nni- 
and pluri-cellular, thick-walled, with the apex pointed and more 
or less curved. The pluri-cellular hairs (of several cells in a 
single row) occur above and below the larger veins, and out- 
side the pneumatic tissue. The chlorenchyma consists of two 
to three layers of palisades on ‘the ventral face of the blade, 
and of four to five strata of open, pneumatic tissue on the dorsal. 

A thin-walled, colorless parenchyma surrounds the larger 
veins; it consists of about three strata above, but of six below 
these, and is separated from epidermis by collenchyma. 
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Mucilage-cells occur in the colorless tissue; they are much 
wider than the surrounding parenchyma-cells, but only a little 
longer; they contain a clear, colorless mucilage and are very 
conspicuous in cross-sections. These mucilage-cells were in the 

thamnacee tirst described by Guignard and Colin,* while the 
occurrence of mucilage in epidermis of Aamnus and other 
genera of this family, but not in Ceanothus, has been discussed 
by Blenk.+ 

The midvein and the two lateral nerves from the base of 
the leaf are quite thick on the dorsal face of the blade. They 
are supported by collenchyma, as described above, but have 
no stereome and no parenchyma-sheath ; the leptome and had- 
rome is well developed, forming a broad, crescent-shaped 
strand in transverse section with many rows of vessels. The 
other veins are much thinnér and are completely imbedded in 
the green chlorenchyma; in these the mestome is surrounded 
by a colorless parenchyma-sheath, but with no support of 
collenchyma; the cross-section of these minute veins is elliptie 
to almost orbicular. - 

The petiole of the mature leaf is hemicylindric in transverse 
section and hairy like the blade. There is no chlorenchyma, 
and the very broad , single mestome-strand is directly surrounded 
by a mass of co olorless tissue in which the mucilage-cells are 
very conspicuous (fig. 5.) A sheath of thick-walled collen- 
chyma of about five layers is noticeable beneath epidermis. 

If we now examine the blades of the two opposite leaves of 
the seedling, which succeed the cotyledons, we observe a simi- 
lar structure, though with the following exceptions. They are 
quite glabrous and epidermis is not thick-walled; moreover, 
the collenchyma is totally absent, besides that the colorless 
tissue with the mucilage-cells is much less developed. It 
might, also, be mentioned that the mediane and the two prom- 
inent, ‘lateral veins are surrounded by colorless parenchyma- 
sheaths, which in the leaves of older specimens are restricted 
to the thinner mestome-strands. 

The petiole shows the same tissues as observed in the mature 
leaf, but the collenchyma is much less developed, representing 
only a single layer beneath epidermis. Three wide mucilage- 
cells were observed in the colorless tissue. 

Lhe stem.—The hypocotyl of the seedling (H in fig. 1) is 
eylindrical and almost glabrous. The euticle is smooth, but 
quite thick, and the outer cell-walls of epidermis are distinctly 
thickened ; stomata and unicellular hairs were observed. 
There is a narrow zone of cortical parenchyma of which the 
innermost strata are partly collapsed and in which mucilage- 

*Sur la présence de réservoirs & gomme chez les Rhamnées, (Bull. de la 
soc. Bot. d. France, vol. xlv, Paris, 1888, p. 325.) 


+ Die durchsichtigen Punkte der Blitter in anatomischer und systematis- 
cher Beziehung. Inaug. diss., Regensburg, 1884, p. 68. 





A 
q 






530 8 7. Holm—Ceanothus Americanus and ovatus. 


cells are located. A thin-walled endodermis surrounds the 
central cylinder of leptome, cambium and hadrome, with nar- 
row medullary rays and a central, solid, starch-bearing pith. 
Inside the endodermis are furthermore four strands of thick- 
walled stereome bordering on the leptome and located in the 
same radius as the innermost four groups of vessels, which 
represent the proto-hadrome. 

The same structure was observed in the epicoty! (Ep. in fig. 1), 
with the only exception that the stereome does not occur here 
as four separate strands, but as several, which form a more or 
less interrupted sheath around the leptome. The other inter- 
nodes of the seedling possess a collenchymatie cortex (the peri- 
pheral two or three layers), and the endodermis is more dis- 
tinctly differentiated, and contains deposits of starch. The 
stereome forms here an almost completely closed sheath, and 
druids of calcium-oxalate were noticed in the cortex. These 
various stem-portions of the seedling are, thus, able to 
increase in thickness, even if the hypocotyl and, sometimes 
also, the epicotyl, are the only parts that persist. 

If we now examine the basal portion of a flower-bearing 
shoot,, we notice a corresponding structure, but the various 
tissues show here a somewhat stronger development. The 
epidermis is more thick-walled, and the cortex more compact, 
with the mucilage-cells wider and longer; endodermis is thin- 
walled as in the young specimens, while the stereome is very 
thick-walled, forming an almost closed sheath around the cen- 
tral cylinder. The cambium is more distinct, and the had- 
rome consists of numerous rows of vessels with the medullary 
rays broader. 

The internal structure of the vegetative organs of Ceanothus 
ovatus.— The root shows the same structure as that of C. Ameri- 
canus. In regard to the mature leaves, these are almost glab- 
rous, the hairs being confined to the larger veins on the dorsal 
face of the blade. The stomata, which are surrounded by four 
to six cells, are in this species distributed over both faces of the 
blade; most numerous, however, on tae dorsal, and they are 
raised a little above the surrounding epidermis. The pneu- 
matic tissue is more compact than observed in the former 
species but otherwise the structure is identical. 

The petiole shows the same structure as that of C. Ameri- 
canus, and in regard to the stem, the flower-bearing shoot, we 
observed no character of any essential importance, by which 
to distinguish this from the .stem of the former species. 
When compared with each other these two species resemble 
each other very much from seedling to mature. plant. But 
characteristic of C. ovatus is, however, the terminal inflores- 
cences and the narrower leaves with stomata on both faces. 


Brookland, D. C., July, 1906. 
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Art. XLVII.— Photometric Measurements on a Person Pos- 
sessing Monochromatic Vision; by F. L. Turvs. 


In an article on “Color Vision and the Flicker Photome- 
ter,”* the late Professor Ogden N. Rood reported some meas- 
urements made by means of the flicker photometer on a num- 
ber of persons possessing normal color vision and also on three 
cases of red color-blindness. Through the kindness of Dr. W. 
S. Dennett of New York City, the writer was enabled, some 
three years ago, to extend these measurements to the case of a 
person possessing monochromatic vision. Owing to the lim- 
ited amount of time which the subject, referred to in this 
article as J. T., could give to the work, the measurements were 
not so complete as the writer would have liked to make them. 
He has not previously published the results in hopes that cir- 
cumstances might some time enable him to apply more exten- 
sive tests. This now seems very improbable, and the results 
of the work already done are given in the following pages. 

The flicker photometer used was of the same type as the one 
already described by Professor Rood,+ and the colored glasses 
were the same as the three used by him in his work on color 
vision. 

The candle powers of two incandescent lamps referred to as 
A and B were compared by means of the flicker photometer, 
first directly and then when each of the three glasses respect- 
ively was placed between lamp A and the photometer wedge. 
Each of these comparisons was made by Dr. Dennett, J. T. 
and the writer, from ten to twenty readings being taken in 
each case. The numbers expressing the relative candle powers, 
given in the first three rows of Table I, were computed from 


TABLE I. 


— —Candle power of oan 
y. A A through 
through through violet- 
A red glass green glass blue glass 
in terms in terms in terms in terms 
Observer of B of B of B of B 
W.S. Dennett 4°00 520 385 052 
F. L, " ‘ 4°00 480 "385 048 
4°94 "101 683 235 


J. T., using ordinary 
wedge photometer... 5°00 "a4 : 23 


* This Journal, vol. viii, p. 258, Oct., 1 
+ Ibid., vol. viii, p. 194, Sept., 1899. 
t Ibid., p. 258, Oct., 1899. 
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these readings. From the numbers thus obtained the percent- 
age of light from the incandescent lamp transmitted by each 
of the three glasses respectively was calculated for the differ- 
ent observers. These results are given in the first three rows 
of the second table. 


TABLE II. 


Percentage of light from lamp A 
transmitted by — 
Observer Red glass Green glass Violet-blue glass 
W. 8S. Dennett 3° 9°62 i*30 
F. L. Tufts ‘ 9°62 1°20 
ay Bs ‘ 13°8 4°75 
J. T., using ordinary 
wedge photometer -- 4 14°4 
Standard eye , 9°62 


As a standard of color vision, the one already used by Pro- 
fessor Rood was chosen. This he defined in substance as fol- 
lows: The standard was the mean color vision of eleven per- 
sons possessing, according to ordinary tests, normal vision. 
This standard was indicated by 100 in the case of red, green 
and violet-blue. One hundred was also taken as the maximum 
attainable by any person in each case, as the experiments did 


not deal with the general sensitiveness of the eye to light, but 
with its relative sensitiveness to light of different colors. That 
is to say, in the case of the color curve of each person, the 
highest ordinate, whatever it may be, is set equal to 100, the 
others following where the observations indicate on this 
assumption. 

Both Dr. Dennett and the writer had had their color vision 
expressed in terms of this standard, and the results, taken from 
Professor Rood’s article,* are given in the first two rows of 
Table III. From these figures the percentage of the light 


TABLE III. 


Red Green Violet-blue 
W.S. Dennett .... ..-. 93°8 100 91°5 
F. L. Tufts on 200 100 87°8 
ee a re 4°84 45°2 100° 


from an incandescent lamp which the standard eye would see 
transmitted by the three glasses respectively, was computed 
both from Dr. Dennett’s readings and from the readings of the 
writer. The averages are given in the last row of Table II. 

* This Journal, vol. viii, p. 258, Oct., 1899. 
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A comparison of the figures in the last row of Table II with 
those in the third row shows at once that the color curve for 
J. T. has the highest ordinate in the violet-blue. Designating 
this by 100, the ordinates in the red and green were computed 
and are given in the third row of Table III. 

Measurements of the relative intensities of the white and 
colored lights were also made by J. T., using an ordinary 
wedge photometer in place of the flicker photometer. It was 
found that he could compare lights of different colors with the 
ordinary photometer with the same ease that the normal eye 
could make the comparison by the flicker photometer. The 
last row in Table I contains the results obtained by J. T. with 
the ordinary wedge photometer. The fourth row of Table II 
gives the percentages of the transmitted light caleulated from 
these readings. Considering the small amount of practice the 
subject had had in photometric measurements, the agreement 
between these results and those he obtained with the flicker 
photometer is certainly very good. 

Some measurements were also made on the extent of the 
visible spectrum and the position of maximum luminosity. 
The spectrum of an incandescent lamp seemed to J. T. to ex- 
tend from 6350, Angstrém units, in the red, to 4000 in the 
violet, while to the writer the same spectrum seemed to extend 
from 7700 to 3800. For J. T. the position of maximum lumi- 


nosity seemed to be at wave length 5250, while for the writer 
it was at 5500. 
Phoenix Physical Lat © -ory, Columbia University, Oct., 1906. 
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Art. XLVIIl—On LHodevonaria, a new Sub-Genus of Cho- 
netes; by OC. L. Breer. 


Amone the Strophomenoid Brachiopoda, the presence of a 
crenulated or denticulated hinge line has always been consid- 
ered as of at least generic importance. It was upon this con- 
sideration that the genus Stropeodonta was founded by Hall; 
and it is chiefly or very largely the presence of a denticulated 
hinge line which sharply demarcates as a special group apart 
from the normal Strophomena’s the genera Stropheodonta, 
Douvillina, Leptostrophia, Brachyprion and Strophonella.* 

In the well-known Paleozoic genus Chonetes, the great mass 
of the species have a normal, non-crenulated hinge line ; but, 
as is the case with the Strophomenoids, there occur a few 
closely associated and quite peculiar species in which the den- 
ticulated hinge line is a very prominent and characteristic 
peculiarity. It has been found than such a denticulated hinge 
line occurs in six species of Chonetes. All six species are so 
closely allied as to be distinguishable only with some little 
difficulty ; and all six species occur at very nearly the same 
geologic horizon in the Lower Devonian, though scattered 
through Europe, South Africa, South America, and North 
America. These facts justify setting this group apart from 
the normal and typical species of Chonetes, and the name 
Eodevonaria is hereby proposed for this group. The name is 
suggested by the restriction of all the known species (as well 
as a few more which it is believed may possibly belong here) 
to the Eo-Devonian. The known species are 


1. Chonetes arcuatus Hall 
2. C. dilatutus F, Roemer’s sp. 
C. melonicus Billings 
C. acutiradiatus Hall 
C. extensus Kayser 
©. arcet A. Ulrich 


1. Chonetes (Eodevonaria) areuatus.—The crenulated 
hinge line in this type was noted by Hallt in his description 
and illustrations of the species. Weller also noted the same 
features in New Jersey specimens of this species.t Chonetes 
(Hodevonaria) arcuatus occurs in the Upper Helderberg 


* For descriptions of these genera, see Paleontology New York, vol. viii, 


rt. i. 
+ Hall, The Fossil Brachiopoda of the’ Upper Helderberg, Hamilton, Port- 
age and Chemung group. Paleontology of New York, vol. iv, p. 119, Pl. 
XX, see figs. 7e, 7f, 1867. 

t Weller, The Paleozoic Faunas of New Jersey. Paleontology of New 
Jersey, vol. iii, pp. 367, 373, Pl. LI, fig. 21, 1903. 
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group of Ohio, Indiana, New Jersey, New York and Maine. 
Some specimens in the U. 8. Geological Survey collections 
from Little Brasna Lake, Somerest County, Maine, represent 
the same type of the species as occurs in New Jersey, and 
show very prominently the crenulated hinge line. 

Chonetes (Eodevonaria) dilatatus.—This characteristic 
Lower Devonian fossil of the Continent occurs throughout 
the middle and upper Eo-Devonian, and a few specimens con- 
tinue into the Middle Devonian. Its greatest development is 
reached in the Upper Coblentzian, and horizon near the top 
of the American Upper Helderberg (corniferous) group. The 
species has for a long time been known to have a crenulated 
hinge line. This feature was illustrated by Schnur,* and by 
Kay: ser,t and I believe also by the Sandbergers in their classic 
work on the fossils of the Rhenish series in Nassau (this vol- 
ume is not just now at hand; hence it is impossible to give 
the exact reference to the plate and figure). 

3. Chonetes (Hodevonaria) melonicus.—The presence of 
crenulations on the hinge line of this species was noted, and 
emphasized by Billings. Chonetes melonicus was described} 
from Little Gaspé, Quebec, Janada, in beds. correlated with 
the Oriskany, but which may prove to be a trifle higher than 
the New York Oriskany. The species is certainly Lower 
— 

4. Chonetes (Eodevonaria) acutiradiata.—This species was 
for a long time believed to have a smooth, non-crenulated 
hinge. Indeed, Billings differentiated his C. melonicus from 
this species by the crenulated hinge line of his Canadian form 
while in C. acutiradiata the hinge was presumed to be non- 
crenulated. In tle Cornell University collections there occur 
several typical specimens of C. acutiradiata from the Cornif- 
erous limestone near Williamsville, Erie County, N. Y., all of 
which show plainly the crenulated hinge line. 

5. Chonetes (Hodevonaria) extensus Kayser.—This large 
very broad Chonetes was described by Kayser§ from Katze- 
nelnbogen in the Rhenish middle Lower Devonian (Lower 
Coblentzian). The denticulated hinge line is quite plainly 
apparent in both his figures. 

6. Chonetes (Hodevonaria) arcet Ulrich.—This species 
occurs at very nearly exactly the same geological horizon of the 

*Schnur, In Ubergangsgebirge der Eiffel vorkommende Brachiopoden. 
Palaeontographica, vol. iii, Pl. XLIIT, figs. la, le, 1853. 

+ Kayser, Die Fauna des Hauptquartzits und der Zorger Schiefer des 
Unterharzes. Abhandl. d. Kgl. or geologischen Landesanstalt, 
Neue Foige, Heft I, Pl. XIT, fig. : 1889. 


; Billings, Paleozoic Fossils, out. ii, Part I, p. 15, fig. 6, 1874. 
§ Kayser, Fauna des Hauptquartzits, 1. c., pp. 64, Pl. XXII. figs. 5, 6. 
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Lower Devonian in Bolivia,* in Argentina,+ and in South 
Africat in a fauna which is certainly that of some part of the 
Coblentzian and only very slightly if at all higher than the 
Gaspé fauna with Chonetes melonicus. The crenulated hinge 
line has been figured by Thomas. 

All these species are medium to large-sized Chonetes, with 
gibbous to very gibbous pedicle valve and a concave brachial 
valve; with a large number of medium fine radial striae ; and 
with the usual hollow spines along the posterior margin ;— 
ali features of normal Chonetes. As in normal Chonetes, 
there is a wide cardinal area, quite prominent in the pedicle 
valve, less so in the brachial. The delthyrium is covered with 
a pseudodeltidium. Very narrow and short diverging lamellae 
support the teeth. The diductor muscles in the pedicle 
valve of C.(Hodevonaria) arcvata leave two broadly diverging 
isolated oval scars, while between them in the center may be 
seen the subcireular or elongate-oval sear left by the large 
adductor muscles. The latter scar is divided in two by a 
median septum. The median septum is present in the pedicle 

valve in all the species of Hodevonaria, as in all the Chonetes. 

The precise nature of the denticulations on the hinge line 
in Hodevonaria cannot be stated just now. Whether these 
denticulations alternated with each other in the two valves 
to assist in articulation as in the Stropheodonta’s ; whether the 
denticulations represent the bases of vertical tubes as in 
Anoplia; whether they are points of insertion or of division of 
a ligament or other membrane which probably covered 
the cardinal area in the brachiopods (compare the divided liga- 
ment in Perna, Gervillia, Inoceramus, and the other genera 
of Pernidae among the lamellibranchs) ; or whether they 
served some other purpose, will be known when better material 
than is now at hand becomes available. 

* A Ulrich, Palaeozoische Versteinerungen aus Bolivien. Neues Jahrb. 
f. Mineralogie, etc., Beilageband VIII, p. 77, Pl. IV, figs. 35, 36, 1892. 

+1. Thomas, Neue Beitriige zur Kenntnis der devonischen Fauna 
Argentiniens. Ztschr. d. Geol. Ges., vol. lvii, p. 258, Pl. XIII, fig. 26, 1905. 

¢F. Reed, Brachiopoda of the Bokkeveld Series. Annals of the South 
African Museum, vol. iv, Part IIT, p. 178, Pl. XXI, fig. 3, 1904. The South 
African specimens may not belong to Ulrich’s species, nor possibly to the 
present subgenus, 
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Arr. XLIX.—Wote on the Production of Radium hy Acti- 
nium ; by Bertram B. Bottwoop. 


[Contributions from the Sloane Physical Laboratory of Yale University.] 


Tuer attempts on the part of several different investigators 
to experimentally demonstrate the growth of radium in ura- 
nium solutions, while they have given somewhat widely differ- 
ing results, have nevertheless served to demonstrate conclu- 
sively that the quantity of radium formed in a given time from 
a known weight of uranium is very much smaller than would 
be expected from the disintegration theory if radium is a direct 
product of uranium. Thus Soddy* has stated that the amount 
of radium formed in a commercial salt of uranium during a 
period of eighteen months was only one five-hundredth of the 
amount to be expected from the theory, while the writert has 
shown that in a puritied salt of uranium the amount of radium 
formed in 390 days can not be over one sixteen-hundredth of 
the amount which the theory would require. 

The constancy of the ratio between the quantities of uranium 
and radium which are found in the natural minerals is, how- 
ever, a convincing proof of the close relationship of these ele- 
ments to one another. On the basis of the assumption that 
radium is a disintegration product of uranium, it is necessary 
to show that some intermediate product of a relatively slow 
rate of change exists between them. In the search for such an 
intermediate product the supposition that actinium was this 
product has been gradually strengthened. A considerable 
mass of experimental data which has been collected all points 
to the conclusion that the quantity of actinium in a mineral is 
directly proportional to the amount of uranium present and 
that, accordingly, actinium is a product of uranium. The 
following experiment was, therefore, undertaken to demon- 
strate the position of actinium with respect to radium. 

A kilogram of carnotite ore containing about twenty per 
cent of uranium was treated with an excess of dilute hydro- 
chloric acid and the insoluble portion was separated from the 
solution. The sulphides precipitated by hydrogen sulphide 
were then removed. To the solution thus obtained was added 
about one-half gram of thorium nitrate followed by a solution 
of several grams of oxalic acid. The slight precipitate which 
formed. after the mixture had stood for several days was com- 
pletely removed, the oxalates were converted into nitrates, and 
the nitrates in dilute solution were again submitted to the pre- 

* Nature, Ixxi, 294, 1904; Phil. Mag. (6), ix, 768, 1905. 
+ This Journal, xx, 239, 1905. 
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cipitation with oxalic acid. I have found from a number of 
other experiments that practically all of the actinium contained 
in a mineral can be separated in this manner. 

The oxalates obtained from the second precipitation were 
converted into chlorides, and the dilute solution of the chlor- 
ides was sealed up in a glass bulb. .About two months later, 
on the twenty-fifth of April last, the gases and emanation col- 
lected in the bulb were boiled out and, after standing for some 
time, were introduced into a standardized electroscope. The 
quantity of radium emanation present corresponded to the 
presence of 5°7X10-° gram of radium in the actinium solu- 
tion. The bulb was again sealed and allowed to stand undis- 
turbed until November 4th, when the emanations and gases 
were again boiled out and tested. The amount of radium 
emanation then found corresponded to 14°2x10-* gram of 
radium, indicating that during the interval of 193 days there 
had been formed in the solution a quantity of radium equal to 
8°5x10-° gram. This is equivalent to the production of 
about 1°6 x 10-* gram of radium in one year. The amount of 
radium in equilibrium with 200 grams of uranium (the approx- 
imate amount of uranium in the mineral used) is 7°6 107° 
gram.* Assuming that the total amount of actinium present 
in the mineral was separated by the treatment described, the 
value of A for radium can be caleulated from the above num- 
bers and is given as 2°1X10~‘(year)-'. The period required 
for the decay of the activity of radium to one-half its initial 
value is thus indicated as about 3300 years, and this is of the 
saine order of magnitude as the most recent estimate made by 
Rutherford.+ 

Strong evidence has therefore been obtained in support of 
the assumption that actinium is the intermediate disintegra- 
tion product between uranium and radium. 

The entire series of operations from the start will be repeated 
with special precautions in order that a more accurate value 
for the various constants can be obtained. 

New Haven, Conn., Nov. 5, 1906. 


* Rutherford and Boltwood, this Journal, xxii, 1, 1906. 
+ 2600 years, Phil. Mag. (6), xii, 367, 1906. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysICcs. 


1. The Quantitative Separation of Beryllium and Aluminium. 
—It is well understood that the methods in use for making the 
separation under consideration are somewhat inconvenient or 
unsatisfactory, so that a more simple method, and one which 
appears to give very accurate results, is worthy of attention. Bb. 
GLASSMANN carries out the analysis as follows: The hydrochloric 
or sulphuric acid solution of the metals is nearly neutralized with 
sodium carbonate, an excess of sodium thiosulphate solution is 
added, and the liquid is boiled until the odor of sulphur dioxide 
has disappeared. Then the liquid is heated on the water bath 
for half an hour. The precipitate, consisting of aluminium 
hydroxide mixed with sulphur, is washed and ignited. After the 
excess of thiosulphate in the filtrate has been decomposed with 
hydrochloric acid, the beryllium is precipitated as hydroxide, 
either with ammonia, or, as the author prefers, with a mixture of 
potassium iodide and iodate. In order to use the latter method 
sodium hydroxide solution is added to the liquid until a precipi- 
tate begins to form, and then the precipitate is dissolved in a few 
drops of dilute acid. Then an excess of a mixture of equal vol- 
umes of about 25 per cent potassium iodide solution and satu- 
rated potassium iodate solution is added. After about five 
minutes the separated iodine is decolorized by the addition of 
exactly the proper amount of 20 per cent sodium thiosulphate 
solution, and then a small amount of the iodide and iodate mix- 
ture is added in order to make sure, by the fact that it does not 
produce an instantaneous separation of iodine, that enough has 
been added. Then a few drops of sodium thiosulphate are 
added, and the liquid is heated on the water bath for half an 
hour. The precipitate is easily filtered, on which account the 
mei iod is recommended, and also because the liquid, being abso- 
lutely neutral, does not act as much upon glass as do alkaline 
solutions.— Berichte, xxxix, 3366, 3368. H, L. W. 

2. The Temperature at which Water Freezes in Sealed Tubes. 
—Miers and Isaac have shown that in cooling a supersaturated 
solution in which a few crystals are growing while it is being 
stirred, the refractive index rises until at a certain temperature it 
attains a maximum value and then suddenly falls ; at this moment 
also profuse crystallization takes place. They concluded that this 
is the temperature of spontaneous crystallization, These investi- 
gators have now made numerous experiments with water con- 
tained in sealed tubes which were violently and continuonsly 
shaken by hand, while being very slowly cooled in a bath of 
brine, until rapid crystallization of ice took place. Various 
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samples of water were used, and different kinds of glass were 
employed for the sealed tubes. All the tubes froze between 
—2°C. and --1°6° C. ; the mean of the experiments being —1°86° 
C., and that for the purest water with a conductivity of 1-1 x 10~-° 
being —1°:9° C. The authors conclude that —1°9° is the tem- 
perature at which vnder atmospheric pressure water freezes 
spontaneously, i. e., in the absence of particles of ice, and they 
call attention to the remarkable fact that this is the temperature 
at which super-cooled water possesses a maximum relractive 
index according to the observations of Pulfrich. The effect of 
friction was also studied by introducing glass, garnet, galena, or 
lead into the tubes; this caused the water to freeze at —0°4 C.— 
Chem. News, xciv, 89. H. L. W. 

3. Preparation of Fused Moiybdenum.—Molten molybdenum 
was first prepared by Moissan by the use of the electric furnace. 
It has been made also by several experimenters by the “thermite ” 
process, consisting in allowing the trioxide to react with finely 
divided metallic aluminium. The volatility of molybdenum tri- 
oxide, however, made this process unsatisfactory. Birrz and 
GAxTNER have modified the “‘thermite” process by using the 
non-volatile dioxide in place of the trioxide. To prepare the 
dioxide the trioxide is heated to moderate redness in a glass tube 
in a current of hydrogen gas. The “thermite” process then 
works well, the authors. having obtained a yield of 93 per cent of 
the theoretical, and a product which contained over 98 per cent 
of the metal.— Berichte, xxxix, 3370. H. L. W. 

4. Potassium-lead Chlorides.—By fusing mixtures of the two 
chlorides in varying proportions, determining the temperatures at 
which crystals were deposited by cooling, and investigating the 
products thus obtained, Lorenz and Ruckstunt have found that 
three double salts are "produced from the fused mass. They are 
represented by the formule 2PbCI,.KC], PbCl,.2KCI, and PbCl.. 
4KCl. It is interesting to notice that these three types of double 
lead salts—in one case only with water of crystallization—are 
known among the double halides of the alkali metals and lead 
which crystallize from aqueous solutions, and that still another 
type corresponding to the 1:1 ratio, for example, CsCl.PbCI,, is 
also known.—Zeitschr. anorgan. Chem., \i, 71. H. L. W. 

Ammonia from the Recent Eruption of Vesuvius.—Srox- 
LASA has examined volcanic exhalations and many eruptive 
products of eruption of April, 1906, and has found ammonia 
always present in them. He draws the conclusion that the 
ammonia has its origin in the chemical actions which take place 
in the hot lava, possibly from the presence of silicon nitride or 
other nitrides. He considers the view of the mineralogists, that 
the sublimations of ammonia are caused by the combustion of 
vegetation, to be entirely incorrect.— Berichte, xxxix, 3530. 
H. L. W. 


6. Beitraege zur Chemischen Physiologie und Pathologie, 
herausgegeben von F. Hormeister. VIII Band. 1906, Braun- 
schweig (Fr. Vieweg und Sohn).—This volume is quite equal to 
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its predecessors in the diversity of topics which it presents. It 
is impossible to make special mention of more than a few of the 
papers. Particularly noteworthy are the valuable studies of 
Embden and his collaborators on the formation of acetone in the 
liver, indicating a large number of substances as possible pre- 
cursors of this compound. Friedmann’s renewed investigation of 
the structure of adrenalin leads to a choice of the formula 


oH /\ CH(OH)-CH,-NE-CH, 
OH | | 


for this peculiar physiological compound, the formaticn of which 
Halle, in a separate paper, refers to an enzymatic reaction of the 
suprarenal tissue upon tyrosin. Among a series of contributions 
from the laboratory of Dr. von Fiirth, reference may be made to 
his study of chitosan derivatives. It indicates that the “ chitin” 
of molluses and arthropods furnishes the same products. Two 
— offer items of interest regarding nitrogenous metabo- 
ism: one by H. Vogt deals with the time relations in the cata- 
bolism of proteids of various groups; the other, by Klercker, 
gives evidence that creatine and creatinine may experience quite 
different fates in the chemical reactions to which they become 
subject in nutrition. The volume also contains the usual number 
of papers on enzymes: rennin, diastase, gastric lipase, and the 
blood enzymes furnishing the themes for investigation. L. B. M. 

7. Change of Colloidal Nucleation in wet dust-free Air in the 
lapse of time; by C. Barus (Communicated).—Observations 
extending over several months have now shown that the variation 
of the colloidal nucleation of dust free wet air in the lapse of 
time is independent (within the limits of accuracy of the fog 
chamber) of the barometric pressure and temperature of the 
atmosphere, of the ionization of the air or of the allied effect of 
natural external radiations; but that it varies to the remarkable 
extent of an increase of about 8000 nuclei per rise of temperature 
of one degree centigrade near 20 degrees. The reason for this 
unexpected result is yet to be found, but nothing has been sug- 
gested to explain it away. 

Brown University, Providence, R. I. 


8. Leitfaden der praktischen Optik ; von Dr. ALEXANDER 
GLEICHEN. Pp. viili+221; 158 figures. Leipzig, 1906 (S. Hirzel).— 
This is an account of the more elementary parts of the theory of 
optical instruments, and is intended for the users of such instru- 
ments rather than for the optician or for the reader who is 
interested in the more complex details of geometrical optics. It 
is written in a clear and simple manner and no mathematics is 
used beyond the elements of geometry and algebra. Especial 
attention is given to the optics of the eye and of photographic 
apparatus, and the book will doubtless prove especially useful to 
oculists and photographers. H, A. B. 


Am, Jour. Sct.—FourtTH SERIES, VoL. XXII, No. 132.—DrEcremBER, 1906. 
37 
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II. Gronoey. 


1. New Zealand Geological Survey.—The first New Zealand 
Geological Survey was inaugurated in 1867 and up to 1905 had 
published a number of Bulletins dealing largely with economic 
problems. In February, 1905, Dr. James Macxiwrosu Bett 
was made director, the Survey was reorganized, and the follow- 
ing staff appointed: Mr. Alexander McKay, Geologist and Pale- 
ontologist; Mr. Perey Gates Morgan, General Geologist; Mr. 
Colin Fraser, Mining Geologist; Mr. Ernest John Webb, Assist- 
ant Geologist ; Mr, Edward Clarke, Assistant Geologist ; Mr. 
Reginald Palmer Greville, Topographer; Mr. Robert James 
Crawford, Draughtsman ; Mr. John Thompson, Secretar y- 

A scheme has been outlined for the preparation of a detailed 
topographical and geological map of New Zealand, together with 
reports on ten chief districts. 

Bulletin No. 1 (New Series) is entitled “The Geology of the 
Hokitika Sheet, North Westland Quadrangle” ; by James Mack- 
inTosH Beit and Corin Frazer. 101 pp., 13 maps, 42 plates. 
Ten formations are described in the present bulletin, ranging in 
age from “Early Mesozoic (?) and earlier” to Pleistocene and 
Recent. The Arahura series consists of a group of schists, grau- 
wackes, argillites, and arkoses, parts of which have been assigned 
to different ages from Archean to Carboniferous by various 
authors. The Kanieri series consists largely of conglomerate 
and argillite. Both the Arahura and the Kanieri series are inter- 
sected by auriferous quartz reefs. The Tuhua formation con- 
sists of an extensive group of granites and syenites forming 
mountain bosses. The Pounamu formation is of particul: ur petro- 
graphic interest, Static metamorphism and the alteration of 
sediments by the intrusion of the basic Pounamu rocks have pro- 
duced such a variety of minerals as to give the formation the 
name of “mineral belt.” The parent intrusive was dunite or 
olivinite, and the secondary rocks include many varieties of ser- 
pentine, tale, steatite, nephrite, tremolite-serpentine, muscovite- 
serpentine, etc. It is from this formation that the masses of 
nephrite are derived which appear in the glacial deposits as the 
famous “ greenstone ” bowlders. 

The Koiterangi series is the remnant of former widespread 
sedimentary deposits which contain seams of coal. Dikes of 
camptonite, hornblende and pyroxene porphyrite, diabase, augite 
diorite, olivine basalt, cut all the bed-rock formations. Glacial 
débris is widely distributed over Westland, and is of great thick- 
ness. It is uncertain whether the period of maximum advance of 
the ice sheet was in Upper Pliecene or early Pleistocene time. 
“One thing is certain, and that is that the glaciation started in 
Miocene time and is still continuing.” 

The chief physiographic features are the Alpine Chain, re- 
cently uplifted but “submaturely dissected,” the Wainihinihi 
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peneplain at an elevation of 4000 to 5000 feet and the Coastal 
Plain inaugurated by the Post Miocene Uplift. The river valleys 
are broad and U-shaped, and terminate in cirques. Many lakes 
occur, which for the most part occupy ancient valleys blocked by 
débris—as is indicated by soundings. Hot springs occur along 
fault lines. 

The illustrations are excellent, especially the microphotographs 
of metamorphic rocks by Mr. McKay. It is to be hoped that an 
appropriation may be obtained to make a more detailed topo- 
graphic map. H, E. G. 

2. Illinois State Geological Survey, H. Fosrer Baty, Director. 
Gov. C. 8. Deneen, Profs. T. C. Chamberlin and E. J. James, Com- 
missioners, Bulletin No. 1, the Geological Map of Illinois ; by 
Srvuart WELLER. Pp. 26, with map. Urbana, 1906. Bulletin 
No. 2. The Petroleum Industry of Southeastern Illinois; by 
W. S. Buatcutey. Pp. 109, 6 plates, 3 figures.—A new and 
carefully prepared geological map is a fitting subject for the 
first bulletin of the Illinois State Survey. Thirty years have 
elapsed since the map prepared by A. H. Worthen was distributed 
with Volume IV of the State Geological Report. This early 
map has been used by Dr. Weller as a base and the additional 
material available from the more recent work of various geolo- 
gists has now enabled him to present a map which, while neces- 
sarily open to further change and emendation, is a notable 
advance upon what has been available before. The map as 
issued measures 30 X 16 inches, in other words has been prepared 
on a liberal scale; it is also well executed and colored. Columnar 
sections are added for Northern, Central and Southern Illinois. 
The value of the map for economic purposes is much increased 
by the careful presentation of the exact location of coal mines. 

The second Bulletin contains an account of the petroleum 
resources of the state. Until very recently the state had yielded 
very little either of oil or nataral gas, although the search for 
them began as early as 1853. In 1905 and the early part of 1906, 
however, extensive investigations were carried on and with highly 
encouraging results, especially in the southeastern part of the 
state. In May, 1906, active production of crude oil and gas was 
going on over an area about 40 by 12 miles in extent between 
Westfield, Clark County, and Oblong, Crawford County. The 
oil wells all lie near—and mostly to the east of—the long line of 
deformation which extends across the state in a south-southeast- 
erly direction from Stephenson to Lawrence County. The total 
production of crude oil from the Casey Field, in Clark County, 
for the eleven months ending with April, 1906, aggregated 
400,000 barrels. 

3. Geological Survey of Ohio. Evwarp Orton, Jr., State 
Geologist. Fourth series, Bulletin No. 4, pp. 361, map and 53 
figures. Bulletin No. 5, pp. 79, 2 plates, 8 figures.—These 
recently issued bulletins are devoted, No. 4 to the Limestone 
Resources and the Lime Industry of the State of Ohio, by E. 
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Orton, Jr. and S. V. Peppel ; No. 5 to the Manufacture of arti- 
ficial Sandstone and Sand-lime Brick, by S. Y. Peppel. The rocks 
of Ohio consist so largely of limestone, that it is not a matter of 
surprise to have it stated that these strata furnish the material 
which makes up almost a third of the present mineral resources 
of Ohio. The stratigraphical relations of the limestone have 
been discussed in detail in earlier publications, and the present 
one is devoted largely to a statement of the composition of the 
rock at different localities and of the uses to which it is put, for 
building mater.al ar? particalarly for making quicklime and 
hydraulic cements. An industry, new in this country, has also 
sprung up in the state, consisting in the manufacture of bricks 
from sand and quieklime ; it promises to become an important 
factor in the state’s resources. The bulletin (No. 5) devoted to 
this subject discusses the properties of sand-lime brick and the 
limiting conditions for the manufacture of a safe and durable 
product. 

4. Indiana: Department of Geology and Natural Resources. 
Thirteenth Annual Report. W.S. Buatcuiery, State Geologist. 
Pp. 1494, with 47 plates and 25 maps. Indianapolis, 1906.—The 
special subject of roads and road materials discussed in this 
report is one of the highest importance and requiring the best 
scientific advice, and yet not often treated so fully by a Geolog- 
ical Survey. This subject is discussed first in general by the 
State Geologist, and then in detail by his assistants in its appli- 
cations to the different portions of the state. The value of the 
facts stated and of the results arrived at are obviously not 
limited to the state of Indiana. Statistics of the natural gas and 
petroleum industry for 1905 are also given and the concluding 
chapter by E. R. Cumings and J. W. Beede is devoted to the 
fauna of the Salem limestone. 

5. Geological Survey of New Jersey. Annual Report of the 
State Geologist, Henry B. Kimmen, for the year 1905. Pp. 
338, with 30 plates, 21 figures, and 3 pocket maps. Trenton, 
1905.—The subjects which are particularly discussed in this 
Report include the following: Changes on the New Jersey 
coast, by L. M. Haupt ; an account of the fossil plants, by E. W. 
Berry ; ; the composition of the crystalline limestones of Sussex 
and “Warren Counties, by H. B. Kiimmel; Lake Passaic as a 
storage reservoir, by C. C. Vermeule; and on the peat deposits 
of northern New Jersey. The State Geologist furnishes an 
administrative report which opens the volume, and also an 
account of the mines and mineral production of the state. 

6. Geological Survey of Canada ; Rosert Bett, Director.— 
There have recently appeared’ Volumes XIV and XV _ of the 
Annual Report (new series). Volume XIV contains the sum- 
mary report by the Director for ‘the year 1901; also a series of 
special papers as follows: On the Klondike Gold Fields, by R. 
G. McConnell ; on the exploration of Ekwan River and Sutton 
Lakes and part of the West Coast to James Bay, by D. B. Dow- 
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ling ; on the Nickel and Copper Deposits of the Sudbury Mining 
District, Ontario, by A. E. Barlow ; on the Geology of a Portion 
of Eastern Ontario, by R. W. Ells; on the Pictou Coal Field, 
Nova Scotia, by Henry 8S. Poole; on the Artesian and other Type 
Wells on the Island of Montreal, by Frank D. Adams and 
Osmond E. Leroy. These have already been issued independently 
and several have been noticed in this Journal. The volume also 
contains the Annual Report of the Section of Mines for 1901 by 
E. D. Ingall. Maps 751-792 in separate cover accompany the 
report. 

Volume XV contains the Summary Report for the year 1902, 
pp. 472; also that for the year 1903, pp. 212. There is further a 
report on the Coal Fields of the Souris River, Eastern Assiniboia, 
by D. B. Dowling, and the Annual Report for 1902 of the Section 
of Mines by E. D. Ingall. As with the preceding volume, the 
several parts have been issued previously as completed. Maps 
810-823 in a separate cover accompany the report. 

There has also appeared a Catalogue of Publications of the 
Geological Survey of Canada. Pp. 129. 

7. A Bibliography of Clays and the Ceramie Arts ; by Joun 
Casrer BrRaNNER. Pp. 451, 8vo. 1906. Published by the 
American Ceramic Society.—Some ten years since, the author of 
the present volume published, as Bulletin No. 143 of the U.S. 
Geological Survey, the first edition of the Bibliography which, 
more than doubled in size, now appears in the present volume ; 
this first edition contained 2961 titles while the one now issued 
has 6027. To the work of thus expanding and completing the lit- 
erature of this important subject, Professor Branner has devoted 
much time during the past ten years. The manuscript was pre- 
sented by the author to the American Ceramic Society, and the 
volume is now issued by them and given to the public at a very 
moderate cost. The attitude of the Society towards the author’s 
gift and the value of the work in general will be inferred from 
the following sentences taken from the publisher’s preface : ‘* The 
Society feels that the unselfish devotion and the utter absence of 
self-interest betrayed inthis course is as beautiful as it is unusual. 
It is a fine example of the best traditions of scholarship and the 
true spirit of the scientist. .... We believe that this work, 
placing in concrete form before the young students of the rising 
generation the sources of the knowledge which they are seeking 
to acquire, is destined to profoundly affect the scholarship and 
progress of our time in this branch of human endeavor. = 

8. Festschrift Harry Rosenbusch, gewidmet von seinen Schii- 
lern zum siebzigsten Geburtstag ; 24 Juni 1906. Roy. 8°, 412 pp. 
Stuttgart, 1906.—Entirely aside from the many valuable contri- 
butions to mineralogic and petrographic science which this vol- 
ume contains, it is a striking example of the progress which has 
been made in these fields of work and investigation since the 
master whose achievements it is intended to honor and commemo- 
rate began his labors. The science of petrology owes its present 
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position to-day more to Rosenbusch than to any other man, uot 
perhaps so much to his investigations and published writings, 
though in these he has been excelled by none, as to his work and 
influence as a teacher. A large part, possibiy a majority of those 
men, who as active workers during the past twenty-five years 
have been pushing forward into this field of science, have 
received more or less of their training in his laboratory and have 
been inspired by his zeal and enthusiasm. As a well-deserved 
tribute of honor and affection it will give not less pleasure to the 
recipient and to many who will use it, than it will be of value as 
a contribution to science. 

In this brief notice it would be impossible to give an adequate 
review of the work, but the following brief summary of the table 
of contents will give an idea of its scope and the list of contribu- 
tors: Prof. Grubenmann, of Ziirich, on glaucophane rocks ; Prof. 
Hobbs on rocks of the Cortlandt series in Connecticut ; Prof. 
Wiilfing, Danzig, on mineral pigments ; Prof. Hlawatsch, Vienna, 
on an amphibole from Portugal ; Dr. Hovey, New York City, on 
the geology of a district in Mexico; Prof. Miigge, Kénigsberg, 
on the action of HF! on quartz ; Prof. Milch, Breslau, on differ- 
entiation in a granite magma; Prof. Koch, Berlin, on diabases 
from the Hartz Mts.; Dr. Daly, Ottawa, on a case of differentia- 
tion in a magma; Dr. E. Becker, Heidelberg, on the Wartenberg 
in Baden ; Prof. Osann, Freiburg in Baden, on alkalic rocks from 
Spain ; Prof. Palache, Cambridge, Mass., on titanium minerals 
from Somerville, Mass. ; Dr. H. Preiswerk, Basel, on some dike 
rocks from Piedmont; Prof. Steinman, Freiburg in Baden, on 
the origin of some copper ores in Bolivia; Dr. Nicolau, Jassy, 
Bucharest, on aragonite; Dr. L. Finckh, Berlin, on rhombic 
porphyry from Kilimandjaro ; Dr. W. Wahl, Helsingfors, on a 
diabase from Aland Island, Finland. 

The volume is well printed and illustrated and is a handsome 
specimen of the bookmaker’s art. L. V. P. 

9. Kvidence Bearing on Tooth-cusp Development ; by James 
Wuutams GipLey. Proceedings of the Washington Academy 
of Sciences, Vol. VII, pp. 91-106, pls. rv-v.—In connection 
with the work of cataloguing the portion of the Marsh collection 
of Mesozoic mammals contained in the U. 8S. National Museum, 
Mr. Gidley has made some important discoveries bearing upon 
the question of tooth-cusp homologies in the mammalian molars 

The tritubercular theory proposed by Professor Cope and 
developed by Professor Osborn accounts for the development of 
the molar cusps in a manner at variance with that shown by 
Scott to be true of the molariform premolars and contrary to the 
evidence of embryology as set forth by Woodward, Tac ‘ker, and 
others. Centetes, Ericulus, and Chrysochloris, wherein the embry- 
ological evidence seemed to agree with the ‘theory of the tritu- 
berculists, are shown to have attained a secondary or pseudo- 
tritubercular form by the reduction of the true protocone and 
the fusion of the paracone and metacone into an apparent proto- 
cone. 
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As a result of a study of the Mammalia of the Atlantosaurus 
beds, including the two forms Dryolestes and Triconodon, upon 
which the trituberculists especially relied to prove the theory, 
Mr. Gidley has arrived at the following conclusions : 

(1) That the evidence obtained from the Mesozoic mammal 
teeth furnishes no support to the tritubercular theory in so far as 
it involves the position of the protocone and the derivation of 
the trigonodont tooth from the triconodont stage through the 
shifting of the lateral cones outward in the upper molars and 
inward in the lower molars. 

(2) That it supports entirely the embryological evidence that 
the primary cone is the main antero-external cusp, or paracone, 
having retained its position on the outside in most upper «molars, 

“ (3) That it agrees in the main with Huxley’s ‘ premolar- 
analogy’ theory; as supported by Scott. 

“(4) That the molars of the multituberculates, Zriconodon, 
Dryolestes, and Dicrocynodon, were apparently derived inde- 
pendently from the simple reptilian cone; hence the supposition 
follows that the trituberculate type represents but one of several 
ways in which the complex molars of different groups may have 
been derived. 

“(5) That in the forms derived from the trituberculate type of 
molar the order of the succession of the cusps is not the same in 
all groups, and apparently homologous elements are sometimes 
developed from different sources. Hence it follows that no 
theory involving an absolute uniformity of succession in the 
development of complex molars will hold true for all groups of 
mammals.” 

Gidley urges that, though founded upon mistaken homologies, 
Professor Osborn’s convenient nomenclature be retained for the 
molariform teeth on the ground of clearness and brevity and 
because of its wide use in many publications. R. 8. L. 

10. The Origin of Birds ; by W. P. Pycrart, A.L.S., F.Z.S. 
Knowledge and Scientitic News, Vol. III, New Series, Sept., 1906, 
p. 531.—In this article Mr. Pycraft makes a very interesting fore 
cast of the probable appearance of the ancestral bird or pro- 
avian. This he considers much more primitive than Archsop- 
teryx from the Jura, for that genus is a genuine bird though 
with several reptilian characteristics. 

The principal features of the pro-avian are thought to have 
been as follows: Of small size, probably arboreal, with the trunk 
relatively longer than in modern birds. Pycraft supposes that 
the creature had substituted leaping for climbing about the trees ; 
from this, leaping from tree to tree would naturally follow. This 
would in turn throw the most work upon the three inner digits of 
the grasping hand, which would as a consequence grow stronger 
and at the same time the outer fingers would suffer a correspond- 
ing diminution. Correlated with this would be the development 
of two folds of skin, one in front of and one behind the arm, and 
the flexion of the limb and development of its post-axial border 
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would also follow. The reduction of the digits of the hind foot 
to four and the lengthening and approximation of metatarsals 
2-4 to form a “cannon” bone, Pycraft thinks were due to leaping. 
Feathers are derived from the reptilian scales, those upon the 
hinder border of the wing lengthening and becoming fimbriated 
along their edges and more and more efficient for carrying the 
body through space. 

A figure of the pro-avian is presented which combines lizard- 
like characters with those of Archwopteryx. The principal objec- 
tion to the restoration Hes in the lack of sufficient alar expanse, 
either by membrane or by feathers, to support the animal in the 
air. It would seem as though a moderately well developed 
patagium, of which the pre- and post-patagia of existing birds are 
the mere remnant, must. have preceded the development of 
feathers. This one might assume from the description, but not 
from the figure, 

It is difficult for the reviewer to imagine the reduction of the 
bird’s hand to be a grasping modification, or one which would aid 
the creature at all in its arboreal life ; but that it is directly cor- 
related with the development of the feathered wing seems much 
more probable, Again, how is one to account for the great simi- 
larity of the hind-limb of the bird to that of the bipedal dino- 
saurs? The Triassic dinosaurs with a few exceptions had this 
type of foot, yet they were preéminently terrestrial forms and 
the vast assemblage of their foot-prints in the Connecticut Val- 


ley shows not one instance of a leaping individual. R. 8. L. 


III. Miscetiangrovus Screntiric INTELLIGENCE. 


1. National Academy of Sciences.—The autumn meeting of the 
National Academy was held in Boston on Nov. 20-22 in the new 
buildings of the Harvard Medical School. The meeting was one 
of unusual interest ; the attendance was large and as shown below 
a long list of papers was presented. A novel feature of the 
meeting was the Conversazione, or exhibit of specimens, appara- 
tus, etc., held on Tuesday afternoon ; about fifty exhibits were 
included in the list. The titles of papers presented are as follows: 

ALEXANDER GRAHAM BELL: A few notes concerning progress in experi- 
ments relating to aérodromics. On the construction of an aérodrome with 
historical introduction. 

W. E. Story : A method for the enumeration of algebraic invariants. 

A. G. WEBSTER : Acoustic measurements. 

W. T. Porter: Vasomotor relations, 

A. A. Noyes and others: The conductivity, ionization and hydrolysis of 
salts in aqueous solution at high temperatures. 

R. S. Woobwarp: Theory and application of the double suspension 
pendulum. 

R. H. CurrrenpEN: The minimal proteid requirement of higlk proteid 
animals. 

G. N. Lewis: The free energy of oxidation processes. 
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G. W. PrercE: Wave-length measurements in wireless telegraphy. 

E. H. Haru: Measurement of the Thomson thermoelectric effect in 
metals. 

JoHN TROWBRIDGE: Analogy between electrical energy and nervous 
energy. 

JOSEPH BARRELL: Continental sedimentation with applications to geo- 
logical climates and geography. 

THEODORE Lyman: Light of extremely short wave-length. 

W. M. Davis: The eastern slope of the Mexican Plateau. 

ELLswortH Huntineton : Evidence of desiccation during historic times 
discovered in Chinese Turkestan in 1905-06. 

W. H. Pickerine : Planetary inversion and the tenth satellite of Saturn. 

S. I. Battery: The work of the Bruce telescope. 

T. W. Ricnarps, L. J. HENDERSON and H. L. Fevert: The heat of 
combustion of benzol. 

T. W. Ricuarps and Grorce S. Forses: The atomic weights of nitrogen 
and silver. 

Rosert T. Jackson: Structure of Richthofenia. 

W. E. Caste: On the process of fixing characters in animal breeding. 

E. L. Mark and J. A. Lone: The maturation of the mammalian ovum. 

E. L. Marx: The marine biological station at La Jolla, Cal. 

G. H. Parker: Reactions of Amphioxus to light. 

H. C. Jones: The absorption spectra of solutions in relation to the 
present hydrate theory. 

S. F. AcREE: On the salts of tautomeric compounds. 

C. P. Bowpitcx: The Temples of the Cross, of the Foliated Cross, and of 
the Sun, at Palenque, Mexico. : 

G. C. Comstock : Extent and structure of the stellar system. 

H. F. Osporn: Tyrannosaurus, an Upper Cretaceous Carnivorous Dinosaur. 
Section of American Tertiaries. Complete mounted skeleton of Fin-back 
Lizard Neosaurus of the Peruvian. 

Otro Fouin: Metabolism of Creatin and Creatinin. 

C. 8S. Minor: Nature and cause of old age. 

C. S. Petrce : Phaneroscopy, or natural history of signs, relations, cate- 
gories, etc. A method of investigating this subject expounded and illus- 
trated. 

BaILEy WILuis: Heterogenous elements of the continent as factors in the 
history of North America. 

S. C. CHANDLER: Present state of knowledge as to motions of the terres- 
trial pole. 

C. S. Van Hise: The origin of the ores of the cobalt-silver district of 
Ontario. 

C. D. Watcort: Geological and biological study of the Cambrian brachi- 
opods. 

J. M. Crarts: The catalysis of sulphuric acids. 

W. B. Scotr: The Miocene mammals of Patagonia. 

G. F. Hae: Sun spot spectra, and their bearing on stellar evolution. 


2. The Human Mechanism ; its Physiology and Hygiene 
and the Sanitation of its Surroundings ; by THropore Hoven 
and Wirt1am T. Sepewick. Pp. ix +564, with 147 illustrations. 
New York and Boston, 1906 (Ginn & Company).—This text- 
book differs widely from the usual elementary treatise on physiol- 
ogy in that the anatomical portion of the subject is made as 
brief and elementary as possible in order to give greater empha- 
sis to the strictly physiological and hygienic aspects of the body. 
The book is divided into two parts of nearly equal length: (1) 
physiology proper, including a brief and simple account of such ana- 
tomical structures as are absolutely necessary for a proper under- 
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standing of the organs involved, and (II) the hygiene of the 
human mechanism and the sanitation of its surroundings. The 
aims of the authors, as stated on p. 303, is to persuade every one 
who reads the book, not merely to study and know himself as a 
physical mechanism with the thoroughness with which he would 
study a vaiuable watch or an automobile, but to use that mech- 
anism scientifically to the end that life may be longer, more use- 
ful, and more enjoyable. With this object in view, the second 
part of the book is devoted to personal hygiene, domestic hygiene 
and sanitation. The home is considered with respect to its sup- 
ply of light, heat, air and water, and the removal of wastes, 
while the six concluding chapters on the public health and sani- 
tation discuss public supplies of food, water, and gas, public 
sewerage, infectious and contagious diseases, vaccination and 
serums, public conveyances and public buildings, and the health 
of nations. 

The book deserves much praise both for the attractive style 
in which the subject is presented and for the excellence of the 
many original illustrations. It will undoubtedly be of great ser- 
vice wherever it is used in encouraging the “establishment and 
maintenance of the highest possible working efficiency of the 
human mechanism.” W. R. C. 

3. The Voyages and Zxplorations of Samuel de Champlain 
(1604-1616), narrated by himself. Translated by ANNIE 
Nerrieton Bourne. Together with the Voyage of 1603 re- 
printed from Purchas His Pilgrimes. Edited with introduction 
and notes by Epwarpv Gaytorp Bourne In two volumes ; vol. 
I, pp. xl, 254; vol. II, pp. 229. New York, 1906 (A. 8S. Barnes 
Company).—The voyages of Champlain were alike remarkable 
for the bravery and energy with which they were carried through, 
and for the importance of the geographical results attained. This 
excellent translation, which for the first time makes Champlain’s 
most interesting writings readily accessible in English form, 
should find many readers not only among students of history but 
also among all those interested in the land which he did so much 
to make known. The introduction by Professor Bourne, with its 
able estimate of Champlain’s character and work, adds largely to 
the value of the work. These twe volumes form volumes six- 
teen and seventeen of “ The Trail Makers Series ” of early Ameri- 
can expeditions, voyages and discoveries. 

4. U. 8. Department of Agriculture. Field Operations of 
the Bureau of Soils, 1904 (Sixth Report) ; by Mitton Wuirney, 
Chief, with Accompanying Papers by Assistants in charge of 
field parties. Pp. 1159, with one plate, 45 figures ; also 53 maps 
in separate cover. Washington, 1905. 
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CHEMISTRY. 

Ammonium, hydrolysis of salts of, 
Moody, 379. 

Antimony and tin, separation, 
Czerwek, 460. 

Arsenic, separation from copper, 
Gooch and Phelps, 488. 

Barium sub-oxide, Guntz, 344. 

Beryllium and aluminium, separa- 
tion, Glassmann, 539. 

Carbon, action of oxygen, 
upon, Farup, 344. 

Chlorides, potassium-lead, Lorenz 
and Ruckstuhl, 540. 

Dithionic acid, analysis, 
259. 

Fluorine, estimation iodometrically, 
Hileman, 383. 

Halugen compounds, 
of, Robinson, 345. 

Iodides and iodates, Moody, 379. 

Iron, detection of small quantities, 
Mouneyrat, 79. 

— hydrolysis of salts of, Moody, 76. 

Mercurie chloride, double salts, 
Foote and Levy, 458. 

Molybdenum, preparation of fused, 
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